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CHAPTER XI 


WORKING-UP THE LIGHT NAPHTHA INTO FINAL PRODUCTS 


The last rectification of light coal-tar oils is always eff^ted by 
ipeans of steam, either ihdfrectly applied (dry steam) or blown 
directly into the liquid. In thetlatter case the sfeam carries 
away a large amount of substances boiling at a higher tempera¬ 
ture than its own (according to the principles ej{plained,p.443)'; 
and it is hence reserved for the last stage, after the indirect 
steam has exhausted its action. As a rule, the steam^stills are 
adapted to both purposes. They also always possess some 
arrangenfent for partial condensation or dephlegmation, in order 
to effect a better separation of the final products. 

The steam ought to have a tension of at leMt 2j atmos¬ 
pheres, preferably more, but in, any case as regular as possible. 
It should be, if not exactly superheated, at least completely 
dried— e.g., by passing it through a coil of pipes, or through a 
long and shallow iron box" surrounded by the waste heat of 
the boiler-fire. The tension- in the steam-boiler itself must, 
of course, be higher than the above, preferably at least 5 
atmospheres. 

The apparatus employed for this final distillation varies 
greatly. ^ Smaller factories use stills with simple dephlegmators 
in the shape of worms or tubes. Larger works employ column- 
apparatus, which admit of*obtaining the final products without 
repeated distillation of the intermediate fractions. , 

The final products of general trade, into which the total 
' crude benzol should be split up without residues* are the 
following:— 


qo per cent benzol 
' 50 per cent, benzol 
SolvepL-naphtha 
Heavy naphtha 


100’ 

• Familhtts dtotlUate p« cent. Tip to 
ISO* 180* 160* 

soo* 

Bpee. 

gnv. 

90 

* ... 

... 

0-885 

50 

.90 . 


' 0-880 


... *20 90 


o-87i 

... 

. 





ENGLISH STEAM-STILLS 907 

^ince for the purpose of manufacturing artificial colours, for 
other*synfhetic and for various general purposes a large demand 
for the pure hydrocarbons has sprung up, these now also form 
one of the branches of many tar,distilleries; but many of these 
leave that fina> treatment to their customers and stop at the 
commercial products jtst mentioned, the manufacture of which 
we shajl describe in the first instance. 


♦ 

English Steam-stills, 

We’shall first sketch two difFererft systems of steanj-stills, 
the principal parts of ^hich^may be mutually exchanged, so* 
that the de^hlegmator of the second system can be attached to 
the first still, and so on. 

Fig. i88, p. ^8, shows a system found in operation at large 
English tar-works, a is the still, made of boiler-plate, cylindrical, 
with flat bottom and convex top; ^ is a wrought-iron jacket 

round the sides and bottom; r, a non-conducting casing of some 
sort for preventing the loss of heat; d and e are steam-cocks, d 
supplying the steam-jacket, e the perforated coil / inside the 
still; ^ is a stlf-acting water-injector for the coil f. The pipe k 
serves for feeding the still with crude benzol, i for discharging 
the residue, k for carrying away the vapours. The latter pipe 
communicates by the tap I directJyVith the worm, placed out¬ 
side the still-house, or else, when I is shut and m is opened, first 
with the dephlegmator or “condenser” n n, made of lead or 
iron tubes. The latter is placed in the water-filled vessel o. 
The liquid condensing in n n collects in p, and flows through 
the vessel q and the hydraulic lute r back into the still, q sends 
a branch into the maijl vapour-pipe; but the berftis of the ■ 
pipes prevent the vapotfrs from passing directly from a into q 
and thus into the worm. Through the steam-pipe r the watfr 
in 0 can be boated at will, this being regulated by the ther- 
mometej t. u is the bottom endiof the worm, returning into 
the still-house. * 

In the second system (Fig, 189, p, 909, the similar or analogous 
parts are denoted by the same letters as in Fig. 188), a Js the 
still, indirectly heated by steam entering through the steam- 
tap d, which communicates with a leaden or wrought-’iron 
coih^b with water-ejector g. Direct steam can be blown im 
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through the tap e and the perforated cross of pipes f. h\s the 
feed-pipe, i the' delivery-cock, k the still-head. To'carry the 
vapours away at once, the tap I is opened, when they first pass 
through the box v (for retaining any liquid carried over 
mechanically—a contrivance which should never be absent), 
and then enter the worm w, made of ij-in. lead pipe, whose 
end at u returns into the still-house, where also the receivers 
are placed. The worm-tub is fed with water by ;tr; aXy the hot 
water runs off. If the Vapours are to be dephlegmated, the tap 
I is closed and m opened. The vapours then enter the com-., 
denser n n, whose lo^er drum comfhunicates with the up(pet;one 
By fifty copper pipes of f-in. bore. The condensed oil returns 
into the still by the hydraulic lute v; j is the steafn-pipe for o, 
t the thermometer. 

The second system appears to be superior to the first. 
Internal heating by a steam-coil is quicker and attended by less 
loss of heat than heating by a steam-jacket; and the dephleg- 
mator represented in Fig. 189 especially acts more thoroughly, 
and impedes the passage of the vapours less than that shown in 
Fig. 188. Either is preferable to a simple worm, in which the 
ascending vapours are sometimes stopped by the backflow of 
condensing oils. Some manufacturers employ proper rectifica¬ 
tion-columns, as will be described later on in connection with 
Savalle’s apparatus. ■■ a 

C. Liihrig (Ger. P. 26679) employs a zigzag pipe, enclosed in 
another of a similar kind; the cooling-water runs in the annular 
space opposite the course of the vapours; at each downward 
bend of the pipe there is a branch pipe for taking away the con¬ 
densed liquor. 

C. A.' Burghardt employs an inner‘;;ylinder, liuilt up of tubes,' 
a separated by perforated pjates b (Fig. 1*90, p. 91J), made of wire- 
gauze, which, being of greater diameter than the condenser, have ^ 
their outer rims cooled by the water in the outer cylinder c’ The 
vapours pass in at d, and are drawn through the apparatus by 
connecting the upper <part at e with a draught. The condensed 
liquid flows by means of the tubes / and g into the receiver h. 
If this condenser is placed horizontally, the liquid condensing 
between the single plates b b can be drawnoff in different states 
of jlurity (cf./. Soc, Ckem, Ind., 1885, p. 475). 

Another condenser has been patented by L, & C. Stein- 
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muller (Ger. P. 31238); it consists of a series of tubes running 
parallel to each other in a horizontal direction, and cooled by a 
number of water-jets along their whole length. 

Working the Stills.—T'a.t steam-stills are charged with 
washed naphtb? either by means of a pump or an air-pressure 
apparatus, or else from a store-tank placed in an elevated 
position, into which the naphtha has first been pumped. Mean¬ 
while the air-vent (seen at c in Fig. 189) is opened (it is either 
a tap or simply a i-in. aperture), and-afterwards closed by a 



Fig. 19a 


cork or a screw’-plug. Through this hole an iron gauge-rod 
can be introduced, in order to ascertain the level of the liquid 
in the still. The manhole is* only o*pened at longer interval^, 
for cleaning the still. 

It is the rule to pump first the n^ost volatile products into the 
still, and work them by indirect (dry) steain, and afterwards the 
less volatile products, which are first treated by indirect and after¬ 
wards by direct steam. If two products have been made i^he 
benzol-still (p. 925), they are worked separately—viz., th» 
second a1> once with direct, steam, which can be done ifl a 
special still fitted merely with an arrangement for blowing in. 
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open steam ; the distillation of the first product we shall now 
describe. ' ^ 

Steam is admitted with full force through the tap d into the 
steam-jacket or the steam-coil f> (the letters refer both to Figs. 
i88 and 189). As soon as the liquid begins <to boil and to 
distil, the steam-tap is almost closed, and is then regulated so 
that the distillation goes on continuously, but not too quickly, 
not to say tempestuously; otherwise there would be loss by 
incomplete condensatioti and also danger of fire. At first a 
little water comes over, which often makes the benzol quitft, 
turbid ; but this nefed noit he minded, as the benzol soon clears 
tip, either in the receiver or in the store-tanks. Later on, when 
direct steam has to be used, of course very much water appears 
which must be separated from the naphtha. This can be don.e 
by the apparatus shown in Fig. 191, for instaiice, which at the 



Fio. 191. 


same time permits the naphtha to be finally purified by dilute 
caustic-acid solution. Two open cylinders of tin-plate, a and b, 
9 in. wide and 2 ft. high, are each provided at the top with a 
channel, serving as a water-lute, into which a tin cover is put ; 
they are connected by the two pipes c and d, which can be 
quickly Joined or separated' by the ^rew-cap e ; c ends open 
I in. below the top of bends down inside .h, and ends just 
above its bottom. From the bottom of a the pipe / rises up,- 
passes out and leads to a waste-pipe; it can be shut off by g. 
From b the pipe h takes away any liquid just below the top. g 
and e must leave a exactly at the same level; h may be at the 
same or at a slightly lower level. At i the end of the cooling- 
woflfi is sketched. 

- Before starting, a is three-quarters filled with water. As 
sodh as the mixture of naphtha and water comes ou'i of i, a is 
quicl«ly filled up to the level of c and f, and its contents run out 
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of these two pipes; but as water and naphtha instantly separate, 
only naphtha will run away from the top (through c), and only 
water from the bottom (through /). If / were below c, the 
former would fill entirely and act|^s a siphon, which should not 
take place. Fos use in case of need the tap g is provided ; but 
this should never be required. 

From c, the naphtha runs over into i 5 ,'fills this vessel, and 
runs away into the receivers through h. At the last stage, b is 
half filled with dilute caustic-soda solution (sp. gr. mo), so that 
/.Ije naphtha must pass through it; why, we shall see later on. 

j\t least two receivers are needed; tlfese suffice, if the 
distillates are run or pumped straight from them into store-’ 
tanks; but sftme distillers preter receiving the distillates in a 
large Viumber of smaller drums, which facilitates the classing of 
the products. Instead of closed iron tanks, open vessels with 
loose covers are preferable as receivers, since these can be easily 
inspected and cleaned after every operation, so as to ensure 
that the final products are quite pure and colourless. • In this 
case, since iron would rust quickly and the water would cause a 
red mud to be formed, wooden boxes lined with zinc or lead 
are employed, with their bottom sloping a little to one side, and 
a tap fixed at the lowest point, s <5 as to draw off their contents 
completely, either into a store-tank or by means of a pump. 

Koppers (Gfer. P. 277189) regu^ies the supply of heat to 
the b'enzol-still by the quantity of the liquid run out of the 
heating-apparatus. 

The usual process for separating the distillates is as 
follows:—First, as above mentioned, only indirect steam is 
admitted through the top d (Figs. 188 or 189). The most 
volatile products' escape ^st; but* from the first, along with 
benzene, a little ,toluene*a1so distils, ^nd later on much more, 
which is unavoidable in any fractional distillation, as explained,* 
p. 443.* But sin;e in trade specific qualities of commercial 
“ benzol ”^are required, means mu"^ be sought for obtaining 
these as directly as possible, with the leasti possible quantity of 
intermediate products to be worked over again. For this 
purpose the principle of partially c^densing the vapotirs,'^\h 
reflux of the condensate into the still, is always employed, as* 
was done long ago by Mansfield; this is the same as has lohg 
been known in spirit-distilling as dephlegtnation. ll is 


0 
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effected by the condenser n n, in the vessel o. By closing the 
tap / and opening m, the vapours arriving by k are Compelled 
to enter n n, the water in o being heated by the steam-pipe s to 
the required temperature. Fo,r 90 per cent, benzol the water- 
bath should be kept at 60°, for $0 per cent, beniol at 70° to 80°; 
but these temperatures cannot be absolutely fixed beforehand 
and must be found out by experience for each apparatus; in 
any case they should be kept as constant as possible. The 
liquor condensing in n n returns through r into the still a; it is 
essentially toluene, with a little benzene. Some manufacturers, 
allow it to run baclc inter a directly and continuously (Fig. 789); 
others interpose a small intermediate vessel {q, Fig. 188), if the 
shape of the condensers makes it more advisable "to allow the 
vapours given off in g to get into the main deliver)r-pipe. 
Others run the condensate from n into a separaice closed receiver, 
in order to rectifj' it separately. The uncondensed vapours of 
benzene, with a little toluene, now enter the main vapour-delivery 
pipe, then the worm w ; and the benzol condensed therein runs 
through u and the separating-cans. Fig. 191, into the receivers. 

After some time, nothing further will come out of u ; and 
now the temperature in 0 should be raised to obtain weaker 
benzol. Usually it is possible, even for making pure toluene, 
to work with water in 0, heating it to the boiling-point. Water 
is all the more applicable,' if only 30 or 40 per cent, benzol is to 
be made at this stage, which is the rule. At most tar-vlorks, 
in the further distillation no separation into pure hydrocarbons 
is aimed at, and hence'the dephlegmation is not carried further. 
When nothing more runs from the worm w, the condenser « is 
put out of work by closing the tap in and opening 1 . Now all 
vapourspass directly into w and are <;;ondensed, so that again a 
considerable quantity of distillate is obtained, Gradually this 
bases; and when little or nothing comes over, the indirect 
steam from d is stopped and direct steam is injected through e 
and the apertures of / fven with steam of only zj or 3 
atmospheres an ample quantity of xylene, trimethylbenzenes, 
and-some tetramethylbenzenes is carried Over, which mixture 
we^hall subsequently describe as solvent- and burning-naphtha. 
'Xylene is now employed as such in the manufacture of colours, 
'and is for this purpose separated in Savalle’s column-apparatus 
(see below). 
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We must now see on what principles the fractionation takes 
place.* If seems the simplest course to be guided by the 
thermometer in the still or in the dephlegmator; but as the 
first requirement ^s to obtai«i products fulfilling certain 
commercial terts, and it is not very ea.sy to carry this out by 
means of the thermometer alone, other matters must be taken 
into account. We shall first describe the process carried on at 
a tar-works possessing a still with rectifying-column, and 
working chiefly by the thermometer. Distillation by .steam is 
».there performed twice. In the first distiUation the following 
fractiorfk are made :— 

1st, up to 103° (Kierm*meter in the still), yields 65 to 
70 per cent, benzol. 

2nd, i03“^o I lO’’, yields 30 per cent, benzol. 

^3rd, 110" to 130", yields nothing at 100' , 60 per cent, at 
• 120". 

4th, above 130°, yields solvent-naphtha. 

• 

In the second distillation the dephlegmator has the principal 
work to dp. By rectifying fraction 1 and keeping the dephleg¬ 
mator at 56",per cent, benzol^is obtained; with the dephleg¬ 
mator at 80°, 50 per cent, benzol comes out. The thermometer 
in the still, as long as 90 per cent, benzol comes, never eKiceeds 
ICX3'’. When this temperature has bfcen reached, fraction 2 of the 
first distillation is run in,and the temperature in the still is allowed 
to rise to 105°, that of the dephlegmator to 80°; the receiver is 
also changed, and 54 per cent, benzol obtained. Now the 
receiver is changed again, open steam is injected into the still, 
and the distillate collected as sojyent-naphtha. It would be 
quite possible ir the sam®'apparatus to make pure toluene. 

Other manufscturers'are njt guided by the temperature ia 
the still, but only by that of the dephlegmator; and this seems 
preferable. It i:. certain that after some experiments with any 
special apparatus, and conducting the previous operations on 
the same plan, the regulation of the temperature of the dephleg¬ 
mator will by itself permit any desired product to be obtaujgd ; 
e.g., it will be possible to manage so that the whole distillate, 
when it is mixed up, shall yield 50 per cent, benzol. The* 
receiver will then be charged* for the first time when nothing 
further passes through the dejihlegmator, for the second time 
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when indirect steam does not yield anything even after shutting 
off the dephlegmator; so that a third product is to be'obtained 
by open steam. 

None of these marks can be implicitlyj trusted to furnish 
products fulfilling distinct commercial requirements. Hence 
during the operations_several laboratory Vests must be^made; 
and some manufacturers depend entirely upon these. The 
testing is done in a glass retort, or, better, in a fractionating- 
flask with Liebig’s condenser (Fig. i8i, p. 868), taking as fixed 
points for the fractions only 100° and 120°, and for the later r 
_4istillates also 130° and fooV 

Silbermann (Ger. P. 186876) dpscribfs an apparatus for the 
self-acting control of fractional distillations. The distillates run 
through a vessel in which a hydrometer is floating which, as its 
position is influenced by the varying density <f the distillates, 
sets adjustable electricable contacts in motion. These .seVve on 
the one hand for opening the communication with the receivers 
intended‘0 take the distillates of a certain density, and on the 
other hand for closing the communication with the receiver for 
the distillate of the next lower density; they also^ give an 
optical or acoustical sign in the laboratory 6r office. Special 
arrangements are provided for removing the hydrometer without 
interfering with the taps already closed. 

Fractions obtained. —Iif 'most cases a previous laboratory 
test of the charge in the steam-still will give an approximate 
idea how much of every fraction may be expected. The 
description and tables given by Davis Icf. later on) are 
intended to indicate beforehand how much of the different 
products can be run from the still. In accordance with this, 
a sample is taken a short time beforeV't is thought the receiver 
vill have to be changed,, after well fhixing up its contents. 
Supposing 90 per cent, benzol to be aimed at, if the test shows 
that the contents of the receiver just give 90 per cent. a*t 100°, 
of course the receiver must be immediately changed, since 
it cannot be expected that this strength will remain for apy 
length of time if the distillation be continued. Properly 
spesdnng, the distillate should always be rather stronger 
Bhan necessary before being pumped into the store-tanks, to 
makf quite sure of its being sufficiently strong for t&e purpose 
intend^. Before beifig pumped away, its height in the receiver- 
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is gauged, and the volume (to be ascertained by a table) and 
analysis'are noted. It must now be brought to exactly the 
' proper strength by adding a calculated quantity of the contents 
of the next receiver. Supposiijg this to be found = 70 percent, 
benzol, its co«tents will have to be divided among the store- 
tanks for 90 and 50 per cent, benzol. The calculation is made 
in thg following manner:—Supposing 1*20 gall, of 95 per cent, 
benzol to have been pumped from the first receiver, and 160 
gall, of 73 per cent, benzol to be found in the second, the 
.question is, how much of the latter must we pump to the former 
in qrdftr to obtain a commercial psodict <ff go per cent ? We 
shall learn this from the proportion :— 

120x95+^x75 = (i20 + +)yo 
120(95-90) - +'(90-75) 

120x5 

X ^ - = 40. 

■5 


That is to say, to the 120 gall, of 95 per cent, another 40 gall, 
of 75 per cent, should be added, to obtain 120 -f 40 gall, of 
90 per cent. The remaining 120 gall, of 75 per cent, benzol 
are purrrped, into the store-tank for 50 per cent, benzol, and 
both quantity and quality noteel. Suppose now that the third 
receiver is found to contain, say, 144 gall, of 40 per cent, benzol. 
We shall then put:— , 


120 X 75 + 144 X 40 

X 


(120 + 144)+; 
14760 _ 

264 


55-9' 


This means, if the whole contents of the third receiver be 
pumped to the, 12 gall, of 750 {jer cent., the mixture will still 
be 56 per cert, benzol/and will bear an addition'from the 
contents of thesiext reJeiver.^ But the examples already givfn 
will suffice to show how the calculation is madeTor this or any 
similar case. Frequently the benzol in the tanks is kept rather 
above tl»s standard, and is only brought down just before it is 
sent out; but care should be taken to tlo this invariably with 
the immediately following, not with^ny later fraction. ^ _ 

If no 90 per cent, benzol at all is required, all the above- 
mentioned distillates would be pumped into the tank for Jo 
per cent. T)enzol, always notiftg both quantity and quality. By 
multiplying each time the number of gallons by the percentage, 
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and dividing the product by the total number of gallons, the 
percentage of the mixture will be found. The “ percentage ” in 
this case is no doubt only an apparent one; a 50 per cent 
benzol has no analogy with a 5p per cent, solution of a salt or 
with 50 per cent, spirit-of-wine; but practice has shown that 
calculations like those exemplified are quite trustworthy. As a 
rule they make the product appear slightly below its, actual 
strength; but this is a fault of which the buyer will hot 
complain, and which the'tar-distiller might easily correct if he 
cared to do so. In the case of important contracts, of course,, 4 
such calculations wiM not he depended upon, but the rliij^ture 
'iliust be specially tested. 

Hohenhausen (/. Soc. Chev\. Ind., 1884, p. '174) gives 
the following examples:—500 gall, of crude Yorkshire naphtha 
which before separation tested f 


Atiy)’ 

120'’ 


ISO" ^ •' 

16 

34 


47 per cent. 

.yielded, as the first portion, 

with dry .steam 250 gall. 40 per 

cent benzol, testing 




At 85- 

100’ 

110" 120" 

IS 

39 

7 S 

89 per cent. ' 

Wigan crude naphtha, treated in the same way, yielded : 

Sample A. 

At 110* 

120* 

180* 140* UO* 

500 gallons crude . 

17 * n 

38 

49 58 69 per cent. 


At M' 

100" 

110" 120" 

200 gallons obtained 1 
by dry steam . J 

14 

38 

73 89 per cent. 

Sample B. 

At 110° 

120" 

180° 140" IfiO* 

500 gallons crude . 

13 

34 

47 57 68 per cent. 


At OS” 

,100* 

110° 120*, 

200 gallflns obtained! 
by dry steam ./ 

IS 

40 

74 90 per cent. 

ir 

Besides 90 and 

50 per cent. 

benzol, frequently 40 or even 


30 per cent, benzol is required in trade. What now comes is 
mostly toluene, and is sonwtimes sold as such. Copimercial 
toluol ought to yield 90 per cent, at 120°. But the next fraction 
after benzol is sometime^ destined for carburetting-naphtha. 
According to a specification proposed by Dr Letheby and 
aiopted by several gas-works, such naphtha ought to yield at 
leas't jjer cent, at 130° and paper cent, at 150° ;''its sp. gr. 
ought to be 0-85 100-87. Ill practice, only the first point need be 
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taken care of; the others will follow of course. This product 
essentially consists of xylene. The specific gravity proves the 
absence of any adulteration with petroleum spirit. When passing 
from benzol to carburetting-n^htha, half-filling the second 
separating-can^^, pfg. i9i,p. 912) with weak caustic-soda solution 
should not be omitted? If there is no sale for this product, it is 
redisti^ed and split up into benzol and sofvent-naphtha. 

According to a table given in Wurtz’s Dictionnaire de Chivtie, 
i., p. 1663, French distillers would setm to fractionate in a 
.different manner. The first principal fraction received consists 
of the tar-oils boiling from 30° to 15a°. •Thc^ are first redistilled 
in boilers of 2000 litres capacity by open fire or steam; twoi * 
thirds are d^tilled off, and thi residual third run to the second 
fraction, viz., the oil boiling between 150" and 200°. The above 
two-thirds are tiliated with acid and alkali, and rectified after¬ 
wards,"tl^e following fractions being made:— , 

<T. Boiling from 30° to 70°, pentane, hexane, etc. 

/;. „ „ 70° to too", tssnzene and toluene. * 

r. „ „ 110° to 127°, “solvent-naphtha” No, I. for 

. . removing grease. 

d. „ „ 127“ to 14oS“solvent-naphtha” No. II. for 

removing grease. 

e. Residue, goes to the second principal fraction. 

• • 

fiut it is not possible to separate the hydrocarbons so easily 
and completely as indicated by Wurtz. None of the tar-works 
known to the author proceed in this way. 

Lipszyc (Fr. P. 473309) deodorises benzol by treatment with 
an oxidizing agent, such as potassium or calcium permanganate 
in neutral or sulphuric a<ifd solution, and subsequent!/washing 
with water and caustic Soda. It is jendered non-explosive and 
non-inflammahle by mixing it with 10 to 25 percent, of trichloro¬ 
ethylene or wiiii other chloro-hydrocarbons. 

Solveiit-Naphtha. —The distillate which follows the weakest 
benzol, or the toluol,'is received as solvent-naphtha; and some, 
manufacturers make no further fraction, but add to this also- 
everything obtainable from the liquid by direct steam. The^name 
is derived from the fact that this product is used for dissolv¬ 
ing indiarubber in the manufacture of waterproof fabrics.^ It is 
extensively employed in the manufacture of anthracene (p. 609), 
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in “chemical washing” for removing grease-spots, in the manu¬ 
facture of varnishes and linoleum, in the extraction cf the 
scent from flowers, etc., etc. It consists principally of xylenes 
and trimethylbenzenes, no ^oubt also of other bodies not 
well understood. The indiarubber manuiactuiers require the 
solvent-naphtha to be entirely free frdm naphthalene, which 
may occur in small'quantity in the last distillate by, steam. 
Hence the distillation should not be carried too far, but should 
be interrupted when the'product yields 90 per cent, at 150° (some 
allow 160°), and its specific gravity does not exceed 0-875 at i 
This will be the casi with the whole as soon as a sampife qf the 
‘distillate, as it flows from the worm, shows 0 880 at 15'^. Since 
differences in temperature cause very important differences in 
the specific gravity, it should never be neglected to reduce the 
observed to the normal temperature (which (*can be done by 
means of the table in the Appendix). , ‘ 

There are two qualities of solvent-naphtha found in the 
trade. Solvent-naphtha, No. I, on distillation, ought to yield 
90 per cent, up to 160°, No. 11 90 per cent, up to 175“. Both 
qualities ought to be free from bases and phenols, and well 
washed by sulphuric acid. 

O, Jacobsen {Annalen, clx’xxiv., p, 199) found in tar-oil 
distilling between 140° to i8o°, corresponding to No. II of the 
solvent-naphtha now found ir\ trade, pseudocumene, mesitylene, 
and an aliphatic hydrocarbon, decane. 

Allen states that solvent-naphtha consists mainly of toluol 
and xylols, with sensible quantities of cumol and even higher 
homologues, together with a few per cent, of naphthalene. 
This is, however, not correct. There is very little toluol in 
solvent -“naphtha, but, on the othef hand, a good deal of 
trimethylbenzenes, and prqbably also of'che tetrsmethylbenzenes 
found by K. E. Schulze (vide supra, p. 740); and there should 
be next to no naphthalene present. According to Weger 
the three trimethylbenzenes are present in solvent-naphtha in 
considerable quantities. Of these, the 'pseudocumene (1-2-4 
trimethylbenzene) is prevalent, and is most easily obtained in 
the'pure state, owing to the slight solubility of its sulphonic ' 
acid in sulphuric acid; the other two isomers, viz., mesitylene 
and hemellithol, are difficult to recover. Of the tettamethyl- 
benzenfes, durol is present, but the proper cumol (isopropyl- 
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benzene) seems to be absent. The greatest portion of the 
hydroearbbns boiling within the limits of solvent-naphtha has 
^ot yet been isolated. 

Colman (/. Gas Lighting, 19^5, cxxix., p. 314) gives special 
prescriptions for cfetermining the percentage of toluene in 
commercial solvent-naphtha. 

G. Schultz {Berl, Ber., 1909, pp. 3602, 3609, 3613, 3617) has 
made (with several co-operators) a very extensive investigation 
of solvent-naphtha. He describes in detail the isolation of 
^iseudocu'menc in the pure state, of normal decane, of «-propyl- 
benzenff, and of three isomeric ethyLtoiuenf s. 

Solvent-naphtha, apajt from its use as a solvent for india- 
rubber, is Extensively employed for the purification of 
anthracene {vide supra, p. 609), in “ chemical washing ” for the 
removal of grAse-spots, in the manufacture of common 
varnisHe% in that of linoleum, for the extraction of scent from 
flowers, etc, PFehn (Ger. P. 156988) recommends adding from 
■ 5 to 30 per cent, of it to spirit of wine intended to serjve as an 
illuminant. G. Schultz (B. P. 19565, of 1907) uses it in the 
manufacture of explosives. 

Solvent-naphtha ought to have no very .strong and 
disagreeable smell; this is not mdicated by the sulphuric-acid 
reaction, as pointed out by Weger (Z. angew. Chem., 1909, 
p. 341 ). _ ■ . • 

Isurnmg-napht/M. —If special stipulations ate made for the 
delivery of solvent-naphtha, and if, on the other hand, there is 
a sale for heavy or burning-naphtha, the last distillate is received 
as such. The operation is carried on up to the point at which 
the distillate begins to show a little colour. Then the steam is 
stopped at once, and the operation is finished. If the wastiing has 
been well done, the distiWate remains^colourless, and the end of 
the distillation must be judged'of by other tests. Smell is a very 
distinct and characteristic test, but necessarily subjective; 
naphthalene especially will thus be detected. Another criterion 
(in this case a certain one) is the specific gravity, which .should 
be 0-900 for the last sample running put of the worm, or o-88o 
to 0-887 for whole of the naphtha. A further test is made 
by shaking up the naphtha; only opalescent beads, instantly 
vanishing,' ought to be fo»med, and no remaining frcjth. 
Moreover, it should not be discoloured when exposed to the 
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sudlght for several days; it will then keep colourless in the 
dark for a long time. 

The distillation of the 5 to 8 per cent, burning-naphtha 
which can be got from the distillate up to 140° C. of the benzol- 
still takes a comparatively very long time! H<?nce it is often 
preferred not to distil it at all up to 'chis point, but to mix 
the residue remaining after getting out the solvent-paphtha 
with the fraction from the benzol-still boiling from 140° to 170°, 
which is distilled at once by open steam, and yields merely 
solvent- and burning-naphtha. 

In all distillatioTis by open steam the box for catching any 
■liquid carried over (v, in Fig. 188) is essential for protecting the 
distillate from discoloration; it ^fiould be emptied'at least once 
every day ; the caustic liquor in b, Fig. 189, must alko he 
renewed daily. 4- 

From the product distilling up to 140° may be ej^pected 60 
or 76 per cent, of 50 per cent, benzol, 20 or 25 per cent, of 
carbureting- and solvent-naphtha, 5 to 8 per cent, of burning-' 
naphtha. The product distilling between 140° and 170° yields 
25 to 50 per cent. be.st naphtha, 25 to 50 per cent, burning- 
naphtha, and 25 per cent, residue in the .still, which if is best to 
pass through the light-oil still, although it generally sinks in 
water. 


Apparatus for a Complete Separation of the Naphtha into 
Pure Bensene, Toluene, Xylene, etc. 

Formerly most tar-distillers made only 90 or 50 per cent., 
sometimes 40 or 30 per cent, benzol, solvent- and burning- 
naphthJ. Only exceptionally, and that mostly at the colour- 
works, a complete separation into benzene, toluene, xylene, etc,, 
was aimed at; but during recenf years this has been more and 
more the case, and in Germany it is practically the only'process ■ 
carried out at the larger tar-works. This complete separation 
can be effected by nwre perfect apparatus than those hitherto 
described, carrying ,out, the principle of dephlegmation as 
completely, as this has long been done in the rectification of 
•spirit of wine. Mansfield proposed this already in 1847 ; but it» 
seems that Coupler, in 1863, first^carried it out for.t'he purpose 
of isolating each of the hydrocarbons in a nearly pure state 
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{Bull. Soc. Ind. Mulhouse, 1866, p. 260). His apparatus is 
shown in Big. 192, on a scale on i : 50, A designates the lower 



reservoir (tfle still proper), to *vhich is attached a steam-pi{)e 
(forming a coil inside), a manhole, a discharge.cock, etc. B is 
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the opening for feeding with crude benzol. The still is 
surmounted by the cast-iron rectification-column N, which 
will be described in detail below. The thermometer t is 
required for regulating the process. The heat of the steam- 
coil in A (the steam should be at a pressure of 2 atmospheres, 
or even more for the highest homologues) causes the liquid 
to boil. In the column N the least volatile oils are condensed 
by the cooling action of the air and run back into A. The 
more volatile vapours pass into the trough D, where they 
are kept at such a temperature that the hydrocarbons jpf 
lowest boiling-pAnt remain in a state of vapo«r,^ whilst 
all the higher-boiling ones condense and flow back into 
the still. For this purpose 'the vapours pass- through the 
annular spaces of the condensers, placed alongside one a'liother, 
whose walls are washed inside and outsidq^by the liquid con¬ 
tained in D. U only benzene and toluene are to bj separated 
in the pure state, the liquid in D may be water; for the 
tempeinture in D should be kept (by means of the steam-coil 
in and the thermometer f) al to 70“ for benzene (boiling- 
point 8 o°- 5) and at 100° for toluene (boiling-point in°). If 
xylene or trimethylbenzenes are required, D 'would have'to 
be filled with a solution of arfimonium nitrate (boiling at 164°) 
or with paraffin.' What condenses in the annular condenser 
G G runs back to N, thvqugh the pipes a, b, c, d, whose bends 
prevent the passage of vapours from N to G G. It will be seen 
that the liquid first condensed enters the column at a lower 
place than that condensed afterwards. The taps r r serve for 
taking samples and testing the operation. The vapours'issuing 
from the last condenser pass into the worm C, where they are 
complttely condensed. If'crude benzol is distilled, the water 
in D is first kept at 60° ^r 70°. - Whevi no mqre benzene comes 
' out of C, the receiver is chan'ged, and the temperature in D 
raised to 100°. At first a little of a mixture comes over; but 
soon pure toluene appear^, which requires steam of 3J atmos¬ 
pheres in A. When this ceases, th’e operation is usually 
stopped; but in case of need, xylenes and trimethylbenzenes 
canbe isolated in a sirnilar manner. Coupier has shown by 
ethe'graphical diagram (Fig. 193) the quantity of principal and 

This would require steam of 6 to'7 atmospheres for the steam-coil in 
A; it is hardly ever done. 
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intermediate products obtained by his apparatus from lOO litres 
of crude bebzol, boiling from 62° to 150° (say ordinary com¬ 
mercial 50 per cent, benzol). 

Hence 44 litres pure benzeng and 17 pure toluene are 
obtained, and also:—(a) 6 litres first runnings, consisting 
partly of carbon disulphide, amylene, etc., which may be 
utilized by adding it to the solvent naphtha; (/;) 6 litres of an 



intermediate .product between benzene and toluene, which is 
redistilled; (c) about 27 litres ^high-boiling products, which 
formerly went at once into the solvent naphtha, but from 
which now the xylene (9 litres) is sometimes separated. 

Figs. 194 and 195 show the plaft and section of the com- 



fiG. 194. Fig. 195 - 


partments of the rcctifying-column N (Fig. 192, p. 923) on a 
scale of I The vapours rise in tfae pipes but are checked 

by caps and must find their way through the apertures and 
the liquid standing over them. That^ liquid, consisting of the 
portion of the vapours condensed by the cooling action of^the 
air, gradually flows through the overflow-tubes j from one plate: 
into another. The labyrinth-partitions (“chicanes”) / / cauSe 
the gas to remain in prolonged contact with the liquid, so as to 
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precipitate the less volatile oils from the vapours, and to carry 
away by the heat of the latter the most volatile conStitu'ents of 
the liquid. The frequent repetition of this process in the nine 
or ten compartments of the folumn causes the fractionation to 
be much more thorough than even repeated rectifications with-- 
out them would have made it. 



, Fig. 196.' 


VedU's Still .—The “ analyzer ” of tloupief’cs apparatus (G G 
Fig, 192) would no doubt be advantageously replaced by a more 
efficient apparatus. This is aimed at in VedM’s still, wKere the 
“benzene rectifier” consists of four larger copper .cylinders, 
surrounded by water, while the “toluene rectifier" resemMes 
that shown in our Fig. ,184 (p. 875) at « 0, and will be best 
understood from Fig. 196. The vapours pass from the still- 
"liead (rectifying-column) A into the analyzer B (6 ft. x 2 ft.) 
by tjre pipe a, and the condensed liquid back into A by the 
pipe b, while the uncondensed vapours pass away through^into 
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an ordinary worm or condenser of any other form. The vessel 
B is se.pamted j_nto three parts by two partitions, connected by 
6o copper tubes, d d,\\ in. wide. Water flows through r into 
the lower part of B, thence through d d into the upper part and 
away through t>, Wlien very little condensate is running out 
through /, the supply tif water through c is stopped, and the 
Content^ of B are allowed to reach the boilmg-point by the heat 
of the vapours coming froin A. At this stage mostly toluene 
passes over. When this also ceases to flow, the level of water 
ia B is lowered by successively opening the taps g' g\ so 
that fvaitually the space in B i.s akogethi# filled with sde’am 
inside and with vapours of hydrocarbons outside the tubes dd.' 
At this stage*aImost pure xyleAe passes over. 

. Egrot s apparatus (mentioned by Hohenhausen, in J. Soc. 
Chein. hid., i88^ p. 76) is not essentially different from 
Coupier’s.^ 

The rectifying apparatus of D, Savallc, fils, of Paris, enjoy 
special reputation for applicability to the hydrocarbons of coal- 
tar, and are largely employed by German tar-distillers even for 
90 or so per cent, benzol. Figs. 197 to 200 represent this 
apparatus. Ii> Fig. 197, A is the still, heated by a steam-coil; 
B, a square column for the fii^t condensation; C, the air- 
condenser for the second condensation of the higher-boiling 
hydrocarbons which are not passed ^?er into the distillate; D, 
the ai'r-cooler, in which the distillate itself is condensed. The 
.air is supplied by the fan-blast F, through H to C, and through 
I to D. } is the slide which regulates the current of air in the 
coiidenser, by means of a chain and a graduated lever, K. The 
liquid condensing in D passes through the check-apparatus G, 
■for controlling th*e speed ^ the distillation. E is a regulator 
for maintaining a.constailt pressure in the apparatus throughout 
the distillation, L is the steam-engine supplying the fan-blast" 
I, steant-valve o, the regulator; 2, condensed-water ejector; 3, 
backflow-tap of the column; 4, purifyirtg-tap of the same; 5, 
discBarge-cock of the u^per part of the coluipn; 6, thermometer; 
7, tap for discharging and charging the still. 

. The inner arrangement of the column is shown in Fig.^ipS. 
The vapours enter it by the cylinder a, divided by a vertical, 
partition info compartments, aiid provided with a thermometer, 
A The column is divided into several chambers by horiziSntal - 
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perforated partitions. Every partition contains a perpendicular 
overflow-pipe which partially dips into a corresponding recess 
of the next lower plate; these overflow-pipes are placed alter¬ 
nately on opposite sides.^ The higher-boiling products, flowing 
down the con^jenser, thus successively pass through all the 
chambers and finally go back into the column. The perfora¬ 
tions of the plates are made of such diaiheter that the rising 
current of vapours prevents the liquid from falling through 



Fig. 198 . Fig. 199. 


them, and a depth of about 2* in. of liquid (corresponding tb 
the top'of the c -’orflow-pipes) always remains on the partitions; 
thus the vapours must always pass-through the liquid, which 
considerably promotes' the condensation 9f the higher-boiling 
products. 

Fig. 199 shows the check-apparatus. The distillate froth the 
cooler passes first into the annular space between the pipes C, 
and F. The upper, graduated portion of the latter projetts 
into the glass jar E, and has a small orifice at F. The ?pacc 
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between C and F communicates with E. If the flow of the 
distillate is such that, with the pressure existing in therapparatus^ 
it can run away through the orifice F, the liquid will not rise 
above this; but if the speed of flow is in excess of that, the 



' Fig. 200 . 


liquid will rise from the annular space between C and F into 
the jSr E. This will cause a hydraulic pressure, in consequence 
of which the distillate will pass more quickly through F. Thus 
a state of equilibrium will be produced; and it will fie seen that 
the llvel of the liquid in the jar E, which can be read off on the 
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graduation of F, depends upon the speed of flow of the distillate. 
Henc^ onTthe other hand, the latter may be inferred from the 
former. The size of the orifice in F must of course be regulated 
once for all on starting the appai^tus. The graduation on F is 
arranged so ajfcto show the quantity of liquid passing hourly 
through the apparatu's; and a glance at it suffices to show 
whether the proper quantity of distillate per hour is delivered— 
that is, whether the apparatus is in order or not. D is a tap for 
taking samples. 



Fic. 301. 


F'ig. 200 shows the arrangement of the pressure-regulator. 
It consists of two superposed vessels connected by a pipe, B. 
The lower vessel. A, is partly filled with water, and communi¬ 
cates through F (Fig. igg) with the rectifying-column. The 
upper vessel is provided with a float, C, acting by the lever D 
upon the conica^ valve in E. Thp latter communicates both 
with the steam-boiler ant**with the steam-coil heating tlie still. 
As soon as pressure is produced in^he apparatus, the watej" 
must rise in the pipe B, and when the pressure has attained a 
certain degree, the water will enter the ifpper vessel and lift 
the float This depresses the val« E and checks the supply 
of steam. If by some accident, such as choking up, the pressure 
in the still should rise too high, the regulator will shut o^ the 
steam entirely. By suitable adjustment it can be managed so 
that, in coijsequence of the action of the regulator, a certaiif 
pressure is never exceeded, which is important both for ottfafn- 
ing a constant product and for preventing accidents. 
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Fig. 201 shows the steam-valve, moved by the regulator. 
Further details on Savalle’s apparatus for rectifying spirit 



Pig. loi. 


‘"will be found in the Bulletin de la Soci6t6 d’Encourage- 
m'er^t, 1876, p. 657 (^Dingl. polyh ccxxiii., p. dij), and in a 
pamphlet by D6sir6 Savalle, “ Appareils et Proc6d6s nouveaux 
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de Distillation” (Paris, G. Masson, 1876, 22$^ pages and 48 
diagrams)'. 



Fig. 203. 

The original Savalle apparatus was made of copper; but fdt 
benzol castiron apparatus ai<e frequently employed, and .soTne 
manufacturers have such apparatus on a similar principle to, 
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but not identical with Savalle’s. The air-cooling system 
originally employed by Savalle for the rectification df spirit of 
wine has been everywhere replaced by water-cooling, as it was 
not efficient. i 

Figs. 202 and 203 .show the Savalle column us improved by 
Heckmann (Ger. P.„39557) by the introduction of bell lutes, 
intended to avoid any drops of liquid "being carried i>pwards 
with the steam. The plates of this.column are not perforated, 
and are attached to the sides of the column, far apart. They 
are supposed to effect a saving of 40 per cent, against other 
columns. The depfilegitiators and condensers are so a'rranged 
that the steam is cooled quite evenly right through. This 
apparatus is made either of cc^per or of iron. ' For benzol. 



^ Fig. 204. 


iron is usually employed, inclusive of taps and valves; riveting 
and soldering is almost entirely avoided; the heating-worms 
can be taken out in one piece, and all repairs can be effected 
without the men having to get inside the still. ' 

Instead of the various intermediate horizontal partitions, 
shown In the above-described appaljatus, the column may be 
filled with conical pots i^ith perforated or fluted sides, placed 
over one another, as shown in iMg, 204, so as to break up the 
current, of vapours "into many small currents, which' suffer 
innumerable shqcks against solid surfaces. , 

J. H. Miller (B. E. 25469, 1901) describes an apparatus'" for 
‘fractional distillation, con,taining no rectifying diaphragms, but 
consifting only of one tube, several metres long, with an inner 
concentric tube, provided with a great number of holes. There 
mdy be two or more columns of this kind combined. 

By such columns it is possijjle to obtain from chemically 
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washed first runnings in one operation commercial 90 per 
cent. benAol, 50 per cent, benzol, and solvent-naphtha. When 
starting with 50 per cent, benzol, according to Haussermann 
(Z. angew. Chevi., 1892, p. 131), jure benzene can be obtained, 
boiling within €i°-5 and completely solidifying in the cold. 

Werner and PfleidSrer (Ger. P. 106713) have constructed an 
apparatus for continuous, automatic fractionation and partial 
rectification. 

Another apparatus for the continuous separation of 
^nzene, toluene, and xylene (also for similar purposes in the 
recti 5 ca 4 ion of petroleum) is described in*the German patent, 
No. 194567, of Kubier.schky, which is discussed in detail b/*’ 
Borrmann {Shan. Zeit., 1909, J^p. 426 and 737; 1911, No. 39). 

. The diameter of the fractionating-cohtmns for benzol must, 
of course, var^^with the size of the still. According to 
Spilket [loc. cit., p. 60) it should be about 2 ft. 8 in, for stills 
holding 5000 litres (=176-6 cub: ft.) and 3 ft 3 in. for 10,000 
litres ( = 353 cub. ft). Their efficiency increases vwth their 
size', especially if the number of*the plates is correspondingly 
increased. 

Coolers .—proportion and efficiency of the coolers must, 
of course, be greater for benzol ’istills than for the distillation of 
the tar or of the crude oils, because the danger of losses caused 
by incomplete cooling is much gjeatcr. The cooling-surface 
must be greater, and counter-current coolers should be employed, 
which are more efficient than serpentine or tubular coolers, 
while occupying less space. Such a cooler is supplied by the 
Berlin-Anhaltische Maschinenbau-Aktiengesellschaft, according 
to Uhlmann’s patent. That cooler is composed of a number 
of cells, made of cast-i(pn, lead,* or other suitable ftietal, in 
which the space.traver^d by the cooling-agent is provided by 
two plates, inclining from tlte side where the cooling-ag^nt 
enters towards the other side of the sell, and divided by 
a partition not going quite up fo the opposite side. This 
arrangement produce's a very large coolyig-surface in a small 
space, all the more as it provides for two separate currents of 
the cooling-agent passing through. Yhe water, and gas^paces 
are accessible for cleaning by taking off caps from the necl», 
without cfismounting the apparatus. Such a cooler, with a 
cooling-surface of 32 superficial feet, weighs about 26 cwt, in 
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the empty state, and about 30 cwt. ^<^hen filled with water; 
whereas a cast-iron worm-cooler doing the same 'fluty must 
possess about 160 superficial feet cooling-surface, and a weight 
of about 50 cwt. when empty ^nd 100 cwt. when full, 

*< 

Preparation of Pure Benzene, Toluene, etc. 

The aniline colour-works require almost absolutely pure 
benzene and toluene, boiling within o°-3 to o°'5. These 
products were formerly mostly prepared at the colour-works, 
but they are now,, especially in Germany, also madq by the 
, large tar-distillers, and*'this no doubt will gradually become 
more general, although the col^ur-wOtks will alw.ays do some 
work in this line. 

Such pure products can be obtained by meg,ns of rectifying- 
columns similar to those described on pp. pzf et seq.; but even 
then they contain slight quantities of aliphatic hydfocarbons, 
bases, carbon disulph’ide, and thiophen, although most of these 
can be 'removed as "fore-runnings” from the benzol still. 
Biehringer {Dingl. polyt. /., cclxxvi., p. 78) found in such 
fore-runnings 57-3 per cent. CSj, 7^49 per cent, nitriles, and ' 
small quantities of aldehydes and ketones. These, together 
with thiophens, are removed by repeated treatment with 2 or 
3 per cent concentrated or fuming sulphuric acid. 

Removal of Sulphur Compounds. 

Carbon disulphide (the discovery and quantitative esti¬ 
mation of which in benzol will be described infra') seems to 
have been first found in commercial benzol by Vincent and 
Delachanal (Comptes rend.', Ixxxvi,^ p. 340). Most of it 
occurs in commercial 90 per cent befizol, but even in “pure 
benzene,” as it was sold at 'that time, Liebermann and 
Seyewetz [Ber., 189?, p. 788) found o-2 to 0-3 per cerit CSj 
by their own test Weger {^. angew. Chem., 1909, p. 339) states 
that the average contents of carbon disulphide in the great 
•majority of samples of 80/81 benzol iso-i to 0-2 per cent Spilker 
{Chem. Zeit., 1910, No. 76) states that the sulphur contents in 
qpmm'ercial 90 per cent benzol really exceeds 0-4 per cent. It 
is mostly present in the form lof carbon disulphfde, with a 

little Vhibphen. In crude benzol he found up to 0-8 per cent 

* ' 
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sulphur. Schwalbe (Z. Farh.- u. Text.- Chem., 1905, p. 

113; FistheTs Jahrcsber., 1906, ii., p. 27) found in the purest 
commercial benzols 0 01 to 0 94 per cent, sulphur, in the form 
of carbon disulphide and thiopheji. 

Watson Smith (priv.' comm.) has observed in English 
benzols up to 5 per cent, carbon disulphide, which gave 
rise tojrequent complaints. The occurrence of this substancd is 
easily accounted for, all .conditions for its formation being 
present in the gas-retorts, viz., red-hot carbon and vapour of 
sulphur (from the pyrites which always occurs in coal); neither 
do the flrdinary purifying agents, vk., sulpfluric acid and alkali, 
remove it. It is true th^t a good deal of the carbon disulphide* 
existing in r^w tar will remaiiAuncondensed during the distilla¬ 
tion but some of it must pass into the lightest oils, and all the 
more will pass,Tl^ more perfect the condensing-plant is. Its 
smell do?s not betray it, even when 20 per cent, is mixed with 
benzol, which is much in excess of anything ever occurring in 
practice. Five per cent. CS3 in benzol makes no (iifference 
whatever in the smell; and even the first distillate smells of 
benzene, not of CS.^. But a safe test is afforded by the specific 
gravity, whidt is much raised by CS^. Watson Smith, on 
adding 5 parts of CS^ to too of tenzol of sp. gr. 0-875, yielding 
20 per cent, below ioo°, got on distilling 35 per cent, below 
100° of sp. gr. 0-917. By employiijg*a Linnemann’s fractiona¬ 
ting apparatus or the like, probably nearly pure CSj would 
have been obtained. 

The carbon disulphide is removed almost entirely in the “ first 
runnings” by careful distillation; the last traces can be kept 
back by heating with an alcoholic solution of caustic potash, 
and removing the potassi&m xantliogenate formed thereby by 

• washing. This •process* answers ver^ well also on the large 
scale (Kraemer). * 

' TFlophen and its homologues are mostly found even in 
“ chemically pure benzene,” as understood in the trade. They 
are* very troublesome in the manufactiyre of products from- 
benzol. Bidet {Monit. Scient, i889,,p. 487) found that they* 
cause in nitrobenzene and nitrotoluene a yellow colour, becom¬ 
ing more developed by contact with air. Aniline and toluidin* 
made from*such materials, show the same behaviour, whilst that 
made from material free from ^thiophen stands the light and has 
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a much more pleasant smell. Hence aniline-colour makers 
have every reason to lay stress on the absence of thfopbens in 
coal-tar oils. The tests for it will be described later on. 

Really pure benzene is ^/nade from the article boiling 
between 8o° and 82°, by allowing , it to c’-ystallize in a 
freezing-mixture, and separating the crystals from the mother- 
liquor by pressing, of by a centrifugal machine. This operation 
should be repealed once or twice.. In order to remove the 
thiophen.this benzene must be agitated with renewed quantities 
of strong sulphuric acid till it ceases to give the blue reactiqjj 
with isatin. WillgeVodt (/. prakt. Chem, [3], xxxiii.,' p., 479) 
asserts that it can be purified by treathig with chlorine-water. 
Haller and Michel {Bull. Soc. (Chttn. [i], xv., p.'’390) obtain 
benzene quite free from thiophen by boiling it with 0-5 or 'i per 
cent, anhydrous aluminium chloride, washing»‘with soda, and 
distilling. According to Boedtker {Comptes rend., cxxiji., p. 310), 
in this case H^S is formed, a molecular condensation of 
thiophen and benzene taking place with formation of a liquid 
boiling at upwards of 300". But Heusler {Berl. Ber., 1896, 'Ref. 
p. 656) ascribes the formation of this liquid to the action of 
AlClj on non-saturated hydrocarbons. 

Aluminium chloride, in the manner described above, is 
commercially employed by the Socidt6 anonyme des matiferes 
colorantes de St Denis (Ger,. P. 79505). The benzene is heated 
with 0-5 per cent. AICI3 for several hours, decanted from the 
tarry matter which subsides on cooling, washed with sodium 
carbonate, and distilled. A similar process is that of 
Adiassewich (Ger. P. 83494). 

Lippmann and Poliak {Chem. Zentr., 1902, ii., p. 737) show 
that chlbride of sulphur at 106° C. does^not act upon pure benzene, 
but all thiophen is removed if the beniol is hfated with 15 per 
cent, sulphur chloride on the Water-bath for 192 hours, then 
distilled by steam, washed with alkali, and dried with calcium 
chloride (such a treatment is evidently too expensive for 
technical purposes). ', ' *' 

Daub (Ger. P. 123053) purifies benzol from sulphur com¬ 
pounds by treating its vapour with carbon monoxide. Witzek 

dasbeleucht., 1903, p. 85) points out that thiophen is just very 
stable at high temperatures! Daub’s patent lapSed already 
after'twelve months. - 
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Schwalbe (Ger. P. 133761) removes CS2 from benzol by 
moist amfnonia gas, and thereupon thiophen by a -mixture of 
sulphuric and nitric acids. The cost is stated = 6d. per 100 kg. 

Donath and Ditz {Chein. Zentr., 1900, i., p. 325) state that 
they remove bath and thiophen from benzol by treating it 
with alkaline permanganate solution at a higher temperature ; 
but Ru^sig states that this does not act on'thiophen. 

Ellerton (/. Gas Lighting, 1912, cxvii., p. 222) has tried to take 
the thiophen out of benzol by various reagents. Ozone, 
hydrogen peroxide, and plumbic oxide did not answer the 
purppse» Better results were obtained b^ washing the benzol 
with sulphuric acid. Of the 1-22 per cent, thiophen present' 
in the unwashed benzole, sulj|huric acid of 169“ Tw. (8 per 
cent.’of the benzol) left from o-23 to 0-59 per cent; fuming 
oil of vitriol (sp.^gr. 1-87) from 0-22 to 0-27 per cent, in the 
benzol. ;rhe loss of benzol by this treatment amounted to 8 
to 12 per cent, sometimes even more. 

The Badische Anilin- und Sodafabrik, (Ger. P.» 211239) 
purifies the benzol hydrocarbflns from thiophen and its 
homologues by treating them with an aldehyde or an organic 
acid anhydride, especially with formaldehyde, acetaldehyde, or 
phthalic anhydride, with addifion of a suitable condensing 
agent The purified hydrocarbons are separated from the 
condensation products by fraction^Udistillation, blowing over 
by steam or in any other -suitable way. As condensation 
agent, in the case of the aldehydes, moderately diluted 
sulphuric acid, in that of phthalic anhydride, aluminium 
chloride can be employed. Examples: 10,000 parts benzol, 
containing thiophen, is agitated with a mixture of 1500 parts 
sulphuric acid of 73 pe|^*cent. afid 45 parts of 30 ptr cent 
formaldehyde at the oftlinary temperature for several hours; 
or, under the same conditions, ^90 parts dried benzol with /■5 
parts fbrmaldehyde and 7 parts anhydrous, aluminium chloride. 
Up to t|j&t time, for economical rgasons, the removal of the 
thid^hen in technical practice had been only effected by 
treatment with sulphuric acid or aluminium chloride. But* 
sulphuric acid effects the complete removal of thiopheit only 
by several treatments; and aluminium chloride requires thf 
application of higher temperatures, and of quite spesial 
methods of proceeding. On^the contrary, the just desfribed 
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new process effects a very good purification, without practically 
acting upon the benzol, if the conditions of working are 
moderated to such an extent that the thjophen is acted upon; 
but the benzol, which under njore energetic working conditions 
would also act with the substances added, remains intact. 
Together with the thiophen some alien' hydrocarbons are also 
removed. 

At the tar-works the process generally employed for 
removing the thiophen consists in agitating the benzol several 
times with 2 per cent, of fuming sulphuric acid, or 3 per ceijt. 
sulphuric acid of sp.'gr. ,’-84, during half an hour, and repeating 
■ this treatment until a sample is no more coloured by isatin- 
sulphpric acid [vide below). In/^order to obtain cKemicallypure 
benzene, the product obtained in the just stated way is dooled 
down to -h 4° or -h 5°, in order to solidify th^ •benzene, and the 
liquid portions (toluene, etc.) are removed from the, solidified 
benzene by suction or centrifugalling. This process (which has 
been already employed by A. W. Hofmann for preparing 
chemically pure benzene) “must sometimes be repeated. 
According to G, Schultz [Cheniie des Steinkohlentheers, 3rded., 
i.,p. 31), chemically pure benzene, absolutely free from thiophen, 
can be obtained only by distifiing benzoic acid, prepared from 
benzoic rosin or urine, with lime (i part benzoic acid -|- 3 parts 
lime), removing the unchanged benzoic acid by shaking with 
caustic potash solution, driving the benzene over by steam, 
drying it by means of calcium chloride and sodium, and 
rectifying it, in order to remove benzophenon and diphenyl. 
In contrast with this (technically impossible) complication, 
Weger [Z. angew. Chem., 1909, pp. 338 et seqi) states that 
chemically pure benzene, fulfilling al^ the conditions laid down 
supra, is manufactured from tar or ctoke-ovein benzol, and is 
sent into the trade in truck-loads-. 

According to Witt [Chem. Ind., 1887, p. 9; 1894, p.‘3i), at 
the aniline works 0-5 to i^o per cent, nitric acid is generally 
added during the last purification of benz'ol, to destroy cumdpone 
‘and indene (cf. infra the statement about removing paraffins 
and diefins from tUluene 6y a similar treatment), 
t Toluol — Ordinary Impurities of Commercial Toluol .— 
Carbon disulphide does not occur in toluol, on account of the 
great'difference in boiling-points. The ordinary impurities of 
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commercial toluol are traces of benzene, xykne, paraffins, and 
thiotolpna The removal of the sulphur compounds from 
toluol is effected in the same way as described supra, in 
the case of benzol. ^ 

Pwe Toluene .—Whilst it is possible to manufacture benzene 
sufficiently pure for thb highest requirements of colour-makers 
by double rectification and additional sulpliuric-acid treatment, 
the case is different with pluene and especially xylene. Here 
paraffins and olefins occur, boiling at the same temperatures as 
tjje above, which go along with the nitro- and amido-products, 
and ^an»be recognized in the latter.as^ tiitbidity on dissolving 
in dilute hydrochloric acid. On the small scale, these aliphatic’ 
hydrocarbons can be removed ^ the shape of resinous matters 
by bftiling with sodium. On the large scale, this is done by 
agitating with h®t sulphuric acid containing nitric acid. Thus 
the thiophens are destroyed, the olefins polypnerized, and the 
paraffins after nitrification can be blown off by steam. Toluene 
and xylene purified in this way yield much more amides by 
nitration and reduction than the formerly worked impure 
hydrocarbons. 

Frisweir(C'//«". News, 1893, Ixviii., p. 27; /. Soc. Chem. Ind., 
4893. P- 589) mentions that at tlfht time much toluene obtained 
from oil-gas occurred in trade, containing a large quantity of 
paraffins, which in toluene are ejfe« more injurious than in 
benzene. They are not indicated by the boiling-points, but by 
shaking the toluene with the same volume of sulphuric acid, sp. gr. 
1-84. [Real paraffins are not dissolved or changed by sulphuric 
acid, but no doubt non-saturated hydrocarbons are understood,] 
In the case of pure toluene the layers separate at once, the 
acid is colourless or fainljy brown, and remains so for*twenty- 
seven hours. 'iVith iftipure toluene, emulsions are formed 
separating only after five or* ten minutes; the acid takes a 
bright* orange ^.olour, after an hour turning green at the top, 
after twjnty-four hours altogether .green or black. Whilst it 
is iftual to remove the impurities by strejng sulphuric acid or 
even by Nordhausen oil of vitriol in^ which case much toluenff 
is converted into sulphonic acid, Friswell recommends 8 n the 
latter account less concentrated acid, viz., 10 volumes per cent, 
sulphuric acid, sp. gr. 1-84, to%be agitated for four hours ^ after 
settling and drawing off th^ acid, the oil is at once washed 
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with caustic-soda liquor. The loss does not exceed 5 per cent., 
and consists half of paraffins. Some toluenes reqttira more 
energetic treatment than others. After washing they are 
rectified and leave behind pol^vmerized bodies of 260” to 285° 
boiling-point. The waste acid, in order to be cecovered, must 
be separated by dilution from a dark green oil, which, if almost 
free from acid, is soluble in water. 

Toluene can be obtained directly from coal-gas {vide st(pra, 
p. 81), which contains from twenty to forty times the amount of 
toluene per ton of coal carbonized than is furnished by the tgj 
produced from the'Jame bulk. According to Chein. iTri^de /., 
*’*1915, Ivi., p. 164, it has been proved that the toluol can be 
washed out of the gas, replac/ng it, if necessary, by benzol 
to preserve the illuminating and calorific value of the gas. 
Experiments conducted at Birmingham have %hown that pre- 
benzolizing the,wash-oil by 5 per cent, renders it possible 
to extract nearly 80 per cent, of the toluol content, and still 
leave mere than 65 per cent, of the benzol content in the 
gas. ,Two lb. of pure toluehe should be easily recoverable 
from I 0 ,CX 30 cub. ft. of coal-gas. The principal use qf pure 
toluene is for the manufacture of trinitro-toluene. 

The supply of toluene (which is the raw material for the 
manufacture of very important explosives) was dikussed by 
Macintosh Williams, spenkhig on behalf of the British War 
Office Committee on the Supply of High Explosives, and W. B. 
Davidson, in February 191$, at a meeting of representatives of 
the Gas Industry (/. Gas Lighting, gth. and idthFeb. 191S). It 
was suggested to saturate the wash-oil, employed for scrubbing 
the gas at gas-works, with benzol, about 5 per cent, by volume, 
which wvsuld cause the oil to'take upipnly the toluol contents of 
the gas, and leave the benzol contents‘■of the .gas to a certain 
eStent intact, k is possible by this proceeding to extract 
nearly 80 per cent, of the toluene, and to leave over twoifhirds > 
of the benzol in the gas. The toluol thus obtained is redistilled 
in a Heckmann or Savalle still {supra, pp. 927 and 934). “ 

“ Pure Xylenes .—As we have seen on page 234, xylol is found 
in tratfe in three forms—crude xylol, purified xylol, and “pure 
xylene.” The difference between crude and purified xylol is 
merely this: that the upper limit of boiling-points in'the ease of 
the la'tter is a trifle less (5 per cent.) than in that of crude xylol; 
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that the purified xylol tnust be of water-white colour, and 
must sjitisfy certain requirements concerning the reaction with 
sulphuric acid and the titration with bromine (see below). 

This is brought about by washing it more carefully than 
■ the crude xylol^ Bcfth of them contain a considerable proportion 
of toluol, as is best proved by the fact that according to the 
requirements of trade the lower limit of boiling is fixed at 
120°, whereas the boiling-points of the isomeric xylenes are 
/-xylene i38"-5, w/-xylene 140", and o-xylene 142" (corn 
according to Weger). 

Whj\t the tar-distillers and bqnz^l-njftifiers sell as pure 
xylene is a mixture of the three isomeric xylenes, with the ■ 
limitation that 90 per cent, must boil within 3°-6 and 95 per 
cent.*vithin 4°'5, so that the total fraction of the xylenes is cut 
put pretty sharply within the limits from 138° to 142°. The 
sp. gr. of this fraction is 0-86 and its flashing-point about 
21°. That mixture contains about 60 per cent, of the more 
valuable w-xylene, 10 to 25 per cent, of 0- and 15 to so^jer cent, 
/-xylene, with a little ethyl-benzene and very little trimethyl- 
benzenes, paraffins, and thioxen (Weger). 

PuHfiiatioii of Xylol ,—Before isolating the three isomers, 
the mixture must be separated from the most essential 
impurities—aliphatic hydrocarbons, thioxen, and ethyl-benzene. 
The aliphatic hydrocarbons and thg thioxen can be easily 
removed by the processes descrilJed in the analogous cases 
of benzene and toluene. Ethylbenzene can be removed, 
according to Friedel and Crafts {Coniptes rend., 1892, cxii., 
p. I no), by treating with bromine, twenty times the’weight of the 
oil, and a little iodine; but this of course is not a technical 
method. * v * « 

Separation of the Tht^c Isomeric Xylenes .—This operation is 
up to the present usually not^carrieS out by the tar-distillcT, 
but b)% the aniline-colour manufacturer. ,We shall quote the 
more important methods for manufacturing purposes. 

ReutA {Client. Zeft., 1889, pp. 830 and 850) indicates the 
following method as applicable to separating the three isomeric, 
xylenes on a large scale. Sulphuric tlcid of more than Ito per 
cent. HjS 04 acts on metaxylene, but para- and orthoxyleile ar^ 
not acted hpon by acid belc;w 84 per cent. If the ordinary 
strong acid of 93 to 95 per cent, is employed, metaxyldhe is 
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acted upon until the proportion of water to real acid attains 
20:80, but for the other isomers 16:84. Henc*s an acid 
Saturated with metaxylene can be mixed with ^ of its weight of 
fresh acid without dissolving para- or orthoxylene. The crude 
xylol (which ought not to boil below 136°, 90 per cent, passing 
over up to 145°) is washed several times with small quantities 
of sulphuric acid, in cast-iron pans with agitators at a tempera¬ 
ture not exceeding 80° C., in which case only metaxylene is 
converted into sulphonic acid. This is secured by employing 
just the proper quantity of acid, as found in a preliminary trial 
made with a kilogrEk^i qf the xylene. The solution containing 
2 or 3 per cent, mechanically dissolved paraffins and terpenes 
is freed from these by dilution ^o i'4'sp. gr., avoiding a rise of 
temperature above 100°. After separating the oil rising to the 
top, the mass is allowed to cool, when most of tbe a-metaxylene- 
sulphonic acid crystallizes out. From this inctaxylene is 
quantitatively regenerated by heating at 220° with water in an 
autoclavp, or by dry distillation of the ammonia salt, 80 or 90 
per cent, being thus recovered. 

From the oils separated from the metaxylenesulphonic acid, 
the paraxyletie is recovered by treating them with an excess of 
sulphuric acid at 80° C, and treating the acid liquid as above 
described. The paraxylenesulphonic acid is purified by recrys¬ 
tallization, and the hydrocarbon is quantitatively recovered 
by. decomposition with water in an autoclave (dry distillation 
of the ammonia salt yields only about 20 per cent).—The 
orthoxylene remains in the mother-liquor from the paraxylene¬ 
sulphonic acid, and is obtained by converting the sulphonic 
acid into the calcium salt, then into the sodium salt, acidulating 
this, aivd treating the free* sulphoi}-ic acid as in the case of 
paraxylene. ' ,, 

" Somewhat similar to Reuter’s process is that of Crafts 
{Comptes rend.,cidw, p. iiio). Bornstein and Kleemann (Ger, 
P. 56322; Berl. Ber., i89i„Ref. p. 486) first convert the xylene 
mixture into xylidines, and separate theie by means of sulphur 
' dioxide, which forms crystalline compounds with ortho- and 
raetaltylene, leaving paraxylene in the liquid state. Of 
gourde this process can- be thought of only where the 
xylidines themselves are wanted, that is in the ahiline-colour 
ivorks. 
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Nehrly pure vietaxylenc, which is sometimes required for 
technigal "purposes, can be made by the following process, com¬ 
municated to me by Dr C. Haussermann. Ordinary xylol, 
which contains but little orthoxylene, is first agitated with 5 per 
cent, of its weight df strong sulpliuric acid, in order to remove 
the thio-compounds, afid is then converted into sulphonic acids, 
by agitating with its own weight of sulphhric acid, sp. gr. 1-84, 
for several hours. The acid solution is separated from the 
,'undissolved portion, and is then treated with a current of steam 
(as indicated by Armstrong for decomposing sulphonic acids). 
The m^axylene distilling over needs ojilyikobe freed from acid, 

■ in order to be worked uj) at once for metaxylidine. All these' 
operations can be carried out the manufacturing scale with¬ 
out any difficulty. 

Levinstein’s method for separating the three isomers of 
xylene in the laboratory for analytical purposes,will be described' 
later on. 

Weger (^oc. cif.) indicates the following process for separating 
the -three isomeric xylene.s. First the most easily isolated, the 
w-xylene, is prepared according to Reuter's above-described 
process by rtieans of 80 per cent, sulphuric acid. The remaining 
mixture of o- and /-xylene is i»ell fractionated in a properly 
acting column-apparatus {vide pp. 923 ei seg.). The boiling- 
points of these two components are. now 4° apart from each 
other, /-xylene crystallizes at and can therefore be 

obtained by several times cooling the mixture and removing the 
.portion remaining in the liquid state, if a crude ^-xylol is at 
disposal, which solidifies by moderate cooling. 


Yields of the Various Commercial Froc^ucts obtained in Workin^- 
up the Light Oil (fnd Crude Naphtha, 

% 

These yields differ in pretty wide limits, depending on the 
quality oT the coals carbonized, and on the processes employed 
for utilizing them. On the whole gas-tars* are richer in beinzol* 
and its homologues than coke-oven tafs. 

In the year 1891 Kraemer estimated the yield of tar ifi th% 
German cohl-gas industry at per cent, of the coal. Since 
then important changes have taken place, both in the quihtity . 

* 3 S 
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and in the composition of the tar, owing to the introduction of 
new types of furnaces for the purpose of increasing the yjeld of 
illuminating-gas. We quote here two examples of results 
obtained during recent years at German gas-works from lOO 
parts of coal. ' , 

I.c II. 


h Per cent. 

90 per cent, benzol .... 0’84 to i-io 

Toluol.c>'09 „ O'11 

Heavy benzol (solvent naphtha, etc.) 0-36 „ 0-87 

I'29 „ 2'08 

Awrage , . . 1-68 


Par cent. 
0-68 totO'S; 
0'2O „ 0'28 

043 » 1-46 
1.31 „ 2 ' 6 i 
I'flb 


The following are examples pf the results from working-up 
coke-oven tars :— « 



f 

Tar from 

Westphaliau coal, 
(^luto pit.) 

Upper Bllestan 
coal. 

(Otto-Hofmami 

ovens.) 

Hear coal 
(UelntU pit.) 

Benzol. 

Toluol. 

Solvent-naphtha, 1. . 

„ „ II. . . . 

' 

Per cent. 

^ ».2I <■ 

0-09 

0*47 

Per cent. 

M to X*3 
0.24 

1 0.30 

' Per cent. 

} I-75' 

I '50 


Supra (p. 116), we have quoted the results obtained by 
C. Otto when gasifying the same description of coal—(ist) in 
ordinary gas'-retorts, (2nd) in Otto-Hofmann coke-ovens. We 
here repeat the most salient figures to illustrate our present 
purpose. The tars obtained by thf>^ two daises of processes 
yielded:— 


' 

Tar from Qas- 
retorts. 

Tar from Cokf. 
ovecB. 

Light oil up to 200 ' .... 

And from this, calculated, on the tar : 
Aniline benzols .... 

I’or cent. 

4 

\. 

Per cent. 

3-4 

0.92 


Solvent-naphtha .... 

0'20 

0*33 

' Total . . . 

I*I3 

1.42 
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Haussermann (priv. comm.) regularly obtains a yield of 70 
parts of ^ure benzene from too parts of go per cent, and 45 to 
48 pure benzene from too parts of 50 per cent benzol by 
means of a Savalle’s column. , 

Cf. also the results of Coupler, p. 932 et seq. 

English coke-oven tars, from Simon-Carves ovens {supra, 
p. 119)) using various descriptions of coal, yielded the following 
results:— 

Puasti'ii pit (Hadlor). Bear*park pit (WnLeon Smith). 

<*. h, c. 

Light oil . . 4-5 per cent. 5^2 per (^nt. 5-12 per cent. 


The working-up of*these tars yielded (calculated on lOO 
parts tar):— 



a. 

h. 

• 

f. 


cunt. 

Per necU 

Ftir cent. 

50/90 per cent, benzol .... 

0-50 

0.703 

► 

Uepzol boiling from 80“ to too" . . .. 



0*53 

Toluol boiling from 100'" to 220" 



0*29 

Solvent naphtha 90 per cent, up to 150° 

o*6o 

i-os’i 

1-25 

Burning-napUtha. 

0.40 

0-434 

0*20 

• 

1*50 

2-i68 

2*27 


These tars are decidedly of tlfe same quality as good gas- 
tars, and contain only slightly less benzol, toluol, and xylol. 

The yields of the various commercial benzols from light oil 
differ as much with the conditions under which tHe light oil has 
been obtained that no generally valid statements can be made 
thereon. • * • 

According to Kraenfr and Spilker {loc. cit., p. 16) normal 
light oil contains about 80 ppr ceitt. aromatic hydrocarbons, 
64 per,cent, of which are benzol and its hojnologues, and 16 per 
cent, naphthalene. These 64 per cent, consist of: 

• • 

Benzene . . . . • • • 4 i -5 P^r cent. 

Toluene . . • • , • . 12-5 „ 

Xylenes . . ■ • • • » 

Solvent-naphtha (tri- and tetra-methyl benzenes) 4-0 „ 

64-0 „ 
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The crude benzol from coke-oven tar, according to Rau 
{loc. cit.) contains: 


90 per cent, benzol 

1 . about 70 per cent. 

Toluene , 


Xylenes . 

),' -S 1, 

Solvent-naphtha . 

. „ 10 „ 


The following statements give the yield of pure hydrocarbons 
from commercial products. 

G. E. Davis (/. Chem. Ind, 1885, p. 648) finds in 
90 per cent, and 50/90 per cent, benzol:— 



^ 00 por cent. 

60 /W per cent. ^ 

Pure benzene ... 

75 

50 

„ toluene . , 

24 

» 40 

„ xylene . 

. I 

10 1 

Schultz quotes the following yields, as obtained by a rectify 

'-column:— 

Prom fiO per conk. 

Prom 9Q pev’ coat. 


benzol. 

teazol. 

Fore-runnings up to 81“ . 

0 

0 

ro to 27 

Pure benzene 

0^ 

0 

0 

65 » 75 

Benzol for red . . « * 

5 

ro 

Pure toluene 

• 35 » 4o\ 


Xylenes .... 

. 5 .. 8/ ‘ 

2 » 4 


•Composition and Properties of the Commercial Descriptions of 
Benzol and Nafktha. 

t ♦ ' 

The demands made upon the qualities to be exhibited .by 
commercial benzols und naphtha vary, of course, according to 
the purposes for which they are to be employed. The condu 
tions laid down for fhat purpose embrace the fractions td’ be 
obtained by distillation at certain boiling-points, the specific 
gravity, the behaviour towards sulphuric acid and bromine, the 
ilmoutit of paraffins, thiophen, and carbon disulphide, the colour 
and tfte smell (the last-named especially in case of fhe higher¬ 
boiling products). 
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The distillation of 'the products from light tar-oils in the 
labonato’ry, carried out in the manner described later on in 
this chapter, yields the following distillates (in percentages by 
volume), according to my own ^ests :— 


CoThmercUl i-roducts. 

Initial 

iKHliUK- 

potiit. 

88 . 

03 

100". 

HO'. 

120 . 

•130 . 

138'. 

l 4 e^ 

100". 

171 *. 

90 per cent, benzol 

82“ 

30 

65 

90 





... 



50 per cent, benzol 

8H" 


13 

54 

74 

90 






T oluol# 

100'" 


... 

•... 

, 56 < 

► 90 






Carburetting-naphtha . 

108" 




f 1 

33 

71 

84 

97 



Solvent-naphtha . 

no” 





17 

57 

71 

90 

... 


Burning-naplitha . 

138' 

■■'1 


, 





30 

71-5 

89 


The*temperatures were all measured withfthe thermometer- 
bulb just submerged in the liquid, at the beginning of the dis¬ 
tillation. , 

Hiiussermann [Indtistnc der '1 heerfarhstojfc, pp. 13 and 14) 
Quotes the.following percentage results 


At, . 

85". 

00“. 

0.7. 

100,1 

105‘. 

115’. 

• 

120". 

1S5 . 

iuu 

i 

145'.: 

150". 

170". 

180\ 

90 per cent, benzol 
j 50 per cent, benzol 

Solvent-naphth a . 

20 

72 

5 

84 

30 

0 : 

95 

64 

98 

81 

94 

*6 

48 

72 

85 

92 

95 


According to a stat»ment, made to me by an English tar- 
distiller, the ordinary results are percent .:— 


• . 

At 

. 

100. 

-- — - 

1^'. . 130 ". 

i 

10 (J". 

8l>. ijr. 

90 per cent, benzol 

50 per cent, benzol 
. 30 per cent, benzol 
Solvent-naphtha . 
Burning-nafhtha . 

90 

50. 

30 

. 

1 •. 

90. 

90 , ... 

j 20 

- J "• 

90 

30 

0*885 • 
^■880 
0*875 
•*875 
0*885 • 
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Hohenhausen quotes:— 


Benzol. 


I 


90 per ceut. 

60 per cent. 

Sl) par cent. 

Sp. gr 

0*6S2. 

Bp. gr. 0'878. 

Sp. gr. 0*87.'i. 


Per cent. 


Per cent. 


Per cent. 

At 83" 

5 

At 94° 

10 

At 97° 

12 

85 ° 

22 

95° 

18 

98° 

21 

88" 

62 

98° 

40 

100° 

30 

. 90“ 

74 

100° 

50 

105° 

55 

92° 

8t 

. • 

68 

110° 

.73 

95° 

87 

no 

79 

115° 

84' 

loo° 

90 

>15° 

85 , 

120° 

90 

105" 

94 

120° 

90 

1 


110° 

98 


' 


. 


Schultz {cf. also his results, p, 948) quotes 


At . 

85 % 

00% 

85 % 

100% 

106 % 

no'. 

116 % 

120% 

90 per cent, benzol . 

25 

70 

?3 

90 

94 

a 

97 

98 

.99 

50 per cent, benzol . 

0 

4 

36 

50 

62 

71 

83 

90 

30 per cent, benzol . 

0 

2 

12 

30 

42 

70 

82 

90 


In Germany the “benzols” are designated by Roman 
numbers, and .correspond approximately to the English desig¬ 
nations as follows:— 

English 90 per cent, tenzol. 

„ 5Q per cent. „ 

„ toluol (in Germany: o per cent, benzol).' 
„ carburetting naphtha. 

„ solvent-naphtha I (“ Losebenzdi ’’). ■. 

„ • solvent-naphtha II ( „ ). 

• “ Heavy benzol” of commerce to burning-naphtha, 

Thq percentages which these various grades yield on distilla¬ 
tion ate given'tg' Kraemer and Spilker as follows:— 


Benzol No. I. to 
. „ 11 . 

„ III. 

IV. 

„ V, 

„ VI. 
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Up to Degree Centigrade per cent. 


Benzol. 

No. 

85 " 


• 

95" 

100" 

105" 

110” 

115" 

120" 

126 " 

180" 

135 " 

UO" 

160" 

160" 

170" 

180’ 

Ifl0‘ 

I.. 

n. .• . 

III. . 

IV. . 

V. . 

VI. . 

H eavy I 

henzftl / 

48 

78 

3 

87-5 

31*0 

91*5 

52.0 

67 

II 

77 

49 

84 

79 

90 

91 


.« 








95 









30 

60 

87 

20 

1 

91 

50 

84 

45 

83 

... 

91 






•0 



.The real average composition of commercial benzols has 
been found by Kraemer and Spilker, as the result of very 
numerous tests,^to be as follows:— 


• • 


• 

• 

Benzene. 

I 

Toluene. 

i 

a 

m 

S 

s 

a 

u 

c 

'al 

.© ja 0 
ft 

• 

Benzol No. I. (so-called 90 per cent.) • . 

84 

13 

3 



„ IT. (so-called 50 per cent.) 

43 

46 

II 

... 


i> }i t, . 

15 

75 

10 



„ IV. „ 


23 

70 

5 


„ V. (solvent-naphtha—160'') 


5 

70 

25 


n VI. C „ „ -175°) • 



35 

60 

5 

Commerdal “ heavy benzol ” . 



5 

80 

15 


The last column (“neutral naphthalene oils”) signifies the 
liquid companions of solid naphthalene, comprisiog much 
naphthalene, tetra-, psnta-, and hexymethylated benzenes and 
other hitherto liardly known ;:ompotmds. The above table does 
not take at ,ount of impurities, but onlj of the benzol hydro¬ 
carbons. The following statements of the same authors quote 
the average composition of the products, obtained during six 
months at a large tar-works:— 


^TaBLE 
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90 percent, 
commercial 
benzol. 

50 per cent, 
commercial 
benzol. 

Commercial 

ber^ol, 

No. III. 

Water. 

, Per cent. 
0.060 

Per cent. 

Per cent. 

Paraffins. 

O'lCO 

0*25 

0*50 

Carbon disulphide .... 

o.o86 

0*39 

Substances adding brominS, inclusive 
of thiophenes. 

1*202 

1*23 

o-'sa 

Benzene. 

80*922 

45-37 

13 * 5 + 

Toluene 

I4-850 

40-32 

73-42 

Xylenes. 

:-i8o 

12*14 

11*69 


Kraemer and Spilker point out tiiat the proportion in 
which the benzol hydrocarbons iccur in the commercial grades 
of benzol may show considerable differences, and that the 
just given tables do not exhibit the constant'composition, but 
merely the average values of commercial products; They 
found, for instance, that the requirements laid down for the 
boiling limits of “ 90 per cent, benzol ” are fulfilled by every 
one of the following artificially prepared mixtures, only the last 
of which exhibits the composition of normal 90 per cent, 
benzol:— » 

1. SZ'O per cent. ben2ene +18 per cent, toluene. 

2. 92-2 „ „ + 7.8 „ 

3 - 90-0 „ „ + 5-0 „ 

4: 82-0 „ „ +15 >. 


xylene. 

toluene + 5'0 per cent, xylene. 
>1 + 3 '° )i i> 


Besides these types, small quantities of “Cumol” and 
“ Pseudocumole” are found in the Gerjqian trade, where also the 
- types of “ 30 per cent.” and " o per cent." benzol understanding 
by per cent.” the quantities distilling up to 100° C., are met 
with. , ' • 

Recently, by the name of “Technisches Benzol,” a product 
is coming into the German market, consisting of about 95 per 
cent real benzene-f-5 toluene, and yielding .on distillation at 
least 90 per cent up to 90° C. 

, Another classification, employed by the German Union of 
Benzol Manufacturers, runs as follows:— 
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■ Des^guatiou. 

Boiling-point C C.). 

Colour. 

90 per cent crude benzol . 
Purified 90 per cent, benzol 
Purified 50 per cent ben^l 

% 

Pure benzol 

90 to 93 per cent, up to too'" . 

90 to 93 per cent, up to ioo° . , 

50 per cenL^up to loo°; 90 per 
' cent, up to 120" .... 
*90 per cent, within o°*6; 95 per 
cent, within o°*8 . • . . 

water-white. 

water-white. 

water-white. 

Crude toluol 

Purified toluol . 

Pure toluol 

• 

90 per cent, between 100° and 120“ 
90 per cent, between 100® and i2o'‘ 
90 per cent, within o“*6 ; 95 per 
cent, within o°*8o 

water-white. 

water-white. 

Ciudexflol 

Purified xylol . 

Pure xylol *. 

• 

90 per cent bctwien ^20'iftnd 150° 

9« per cent, between izo"" and 145® 
go per ceiU. within 3“-6 ; 95 per 
cent, witnin 4‘'-5 

j water-white to 
yellowish. , 

water-white. 

water-white. 

Crude aolvent-nuphtha 
Purified solvent-napi^ha, 
No. I. 1 

Purified solvent-naphtiin, 
No. n.. 

Heavy benzol . 

90 per cent, within 150'^ and 180° . 

,Not less than 90 per cent, up to 

Not less than 90 per cent, up to 17 5® 
Boiling below 200” 

water-white to 
faintly yellow. 

• 


Allen {Commercial Organic, Analysis, ii., p. 87) gives the 
following results of distilling the commercial products in the 
usual way;— 





Very 
good tlrst 
ruunlngB 
(onoe-run 
naphtha). 

Good' 

00 per 
cent, 
benzol. 

Reoteb 

00 iier 
ceiili. 
benzol. 

50/90,. 
per cent, 
^uzul. 

80 

per coot, 
benzol.. 

Bol vent- 
naphtha. 

Uixtare 
of 70 pare 
benzene 
and 80 
toluene. 


Spec. grav. 

. 

... 

0'88z 

o-8k 

o-88o 

0.875 

0.87J 

0.880 














•Degrees. 

Degrees. 

Degrees. 

degrees. 

Dogroes. 

Degrees. 

Degreei. 

First drop collected 

at 


82 

• 




85*4 

10 per c^it. „ 


96 

83i 

hi 

94. 

97 

1284 

86.6 

20 



994 

844 

85 

95 

98 

130 

87.2 

30 



102 

85 

851. 

964 

994 

1324 

87.8 

40 



107 • 

85S 

864 

98 

lOI 

135 

88-8 

50 



III 

86| 

87i 

100 1 

104 

137 

89.8 

60 



II9 

88 

89 

1024 

106 

140 

91.4* 

70 



izS 

891 

9ii 

• 106 

1094 

1434 a 

93-» 

80 



145 

924 

94S 

IIOj 

1134 

1484 

96.2 

90 



170 



120 

120 

155 ^ 

I02.fi 

•9a 




loo 






95 




... 



... 
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According to the same author, a good sample of 90 per ce^t. 
benzol should not begin to distil under 80° and should nat yield 
more than 20 to 30 per cent, at 85°, or much more than go per 
cent, at 100°. An excessive (pistillate, e.g., 35 to 40 per cent, at 
15°, indicates a larger proportion of carbon disulphide (see 
below) or light hydrocarbons than is desirable. The actual 
percentage composition of a 90 per cent, benzol of good quality 
is about 70 per cent, of benzene, 24 of toluene, a trace of xylene, . 
and 4 to 6 of carbon disulphide and light hydrocarbons. It, 
should be colourless and free from opalescence. The speciPc 
gravity of English 9a per cent, benzols usually ranges frt>m,0-880 
to 0-888 at iS°-S; that of Scotch benqols (which contain little 
carbon disulphide, but a considerable proportion oT light hydro¬ 
carbons) is often as low as 0-871. Fifty to ninety per cent, 
benzol (50/90) is a product of which 50 per cent, by volume 
distils over at ^ temperature not exceeding 100°, aijd 40 per 
cent, more below 120°. Thirty per cent, benzol yields 30 per 
cent, at 100°, and 60 per cent, more between i(Xi° and 120°; it 
consists chiefly of toluene and xylene. Solvent-naphtha gives 
from 8 to 30 per cent, distillate below 130“, and about 90 below 
160°; it consists chiefly of toluene and xylene, with notable 
quantities of cumene and still higher homologues, and several, 
per cent, of naphthalene [to some of these statements I must 
demur; there can be but.very little toluene-in this product; 
and “cumene” does not occur in coal-tar at all, but only 
isomers of this body]. 

According to the same author {loc. cit., 2nd ed., ii., p. 475) 
some contract-notes for Continental customers specify the 
following tests for commercial benzol:—1st, i c.c. is agitated 
with 20 c.c. of pure concentrated cylphuric acid and allowed 
to stand for some hours. The coloralion at the end of this 
time should be very slight, never exceeding a pale straw- 
yellow. 2nd, 10 c.c, of the sample is agitated in a stoppered 
bottle with successive sma^l quantities of saturated ,bromine- 
water, until a yellow tint is obtained wKich remains for ibme 
ftiinutes. No more than 0-5 c.c. of bromine-water should be 
recjuiitd to produce this result. 

, Hbhenhausen quotes as usual specific gravities oi .English 
3aper cent, benzol 0-875 at 15°, of 50 per cent, benzol 0-878, of 
90 pe*!- cent, benzol 0-882. Whep the specific gravity is lower 

O 
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than 0-875, the presence’of paraffin or non-nitrifiable hydro¬ 
carbon? ntay be suspected. Most of the Scotch benzol has a 
lower specific gravity, on the average 0-870, and contains 7 or 8 
per cent, of paraffins, some of it as low as 0-860 (Trewby). 

Requirements laid dotvn for the Properties to be exhibited by 
Pure Benzol aftd Pure Toluol sent into the Trade. 

The following statements are made by Weger [Z. angew. 
Chem., 1909, p. 339). “Pure benzol" of commerce (also 
designated as 80/81 per cent, ou cj-ys^llized benzol) has 
a sp. gr. = 0-885 at 15°, fusing-point = 5°, and boiling-point 
= 80’-5. Aciording to Ihe rules of the German Benzol Union, 
of such “pure” benzol, 90 pef cent, should pass over within 
95 per cent, within o’-S, and there should be hardly any 
colour produced fly sulphuric acid. Such “pure benzol" still 
contains thiophen and carbon disulphide, as well as traces of 
toluene and paraffins. The quantity of thiophen which y. Meyer 
stated =0-5 per cent, is in reality only about 0-15 per cent. 
(For details on this point and on the tests for thiophen, cf. 
Weger, loc. ciil) Benzol free from thiophen is also manufactured 
in Germany and sold in truck-lbads; it is made by thorough 
washing with concentrated sulphuric acid. The average per¬ 
centage of carbon disulphide in “pure benzol” is O-i to 
0-2 per cent. Generally it is* of no importance, but is 
troublesome in some analytical methods, where it may cause 
errors. It may be removed from the benzol by treating it 
with ammonia or with alcoholic potash. “Pure benzol” is 
employed for preparing nitrobenzene and benzene sulphuric 
acids, serving for the synthetical production of phenol and 
resorcin. , * 

Pure toluene of commerce,»accorcfmg to a private communi- 
cation»from Ur Haussermann, ought to satisfy the following 
tests:—It should boil within 1°. .When shaken up for some 
timfi with its own vofume of strong sulphuric acid, it ought not 
to cause any coloration. On shaking up for some minutes 
90 c.c. of toluene with 10 c.c. of nitHc acid of sp. gr. in a 
stoppered jar, the acid should assume only a red coloar, aqfl 
remain quite clear and bright, not turn greenish or blackish and 
thick. Some samples of tolyene which answer to thesS tests 
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still contain 0-5 per cent, of non-nitrifiable hydrocarbons, which 
may be troublesome on the large scale; these should bg tesffed 
for, as will be described hereafter, but not less than i kg. of 
toluene ought to be employed for this test. 

Pure toluol of commerce has the sp. gr. o-f?72 at 15°, boils 
at III”, and solidifies only at -90°C. According to the rules of 
the German Benzol'Union, 90 per cent, should distil witljin o°-6, 
95 per cent, within 0°-8, and the sulphuric acid reaction should 
produce hardly any colour. It contains traces of benzene, 
xylenes, paraffin, and thiotoluene. The latter is found ^y 
Laubenheimer’s rea<:fion (blue-green colour with phenanthrene- 
quinone, glacial-acetic acid, and concentrated sulphuric acid). 
Toluol free from thiotoluene can be also obtained-in commerce. 

Tbe ordinary “pure toluol”'is employed for the manufacture 
of trinitrotoluene (as an explosive agent), of toluidine, benzyl 
chloride, benzaldehyde (for artificial indigo),'etc. 


Testing Methods for 'Light Oils (Nafhtiia) and 
C oMMEltciAL Benzols. 

I. Light Oil. 

Light oil is an article of trade, since it is sold by smaller 
tar-distillers, and by manufacturers of roofing-felt and asphalt, 
who are not in a position to work it up economically, to larger 
tar-distilling works. 

The testing of light oil comprises the estimation of specific 
gravity and of the boiling-points of the crude oil, of the specific 
gravity of the fractions distilling to 120° and 160°, and of the 
percentage of phenols, bases, and naphthalene. 

► The specific gravity is usually estimated by means of a 
hydrometer or of Jjlohr’s balance. It varies with the boiling- 
points ; in the case of norrnal light oil which yields 90 per cent, 
distillates up to 200°, it is about 0 930. ' If oils, exhifiiting the 
just named bolling-floint, show a specific gravity below 0-900, or 
exceeding 0-960, this points to their being mixed with foreign 
^ils, eg., distillates from oil-gas tar, or from the lignite and 
pe|:roleum industry. ^ ' 

Tlie boiling points, i.e., the limits of temperature between 
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which the single fractions are coiiected, are in Great Britain 
usuaily .drtermined in giass retorts; in Germany mostiy in 
copper flasks, of a capacity of about 150 c.c., and connected by 
means of a tube in its top, fitted with a thermometer, with a 
Liebig condenser. For every tes^ loo c.c. are employed. The 
distillates are collected’in graduated test-tubes, mounted on a 
turn-taljle, so that the single fractions can be collected without 
Interrupting the distillation, in the same manner as will be 
described lower down for testing benzol. The distillation is 
carried on, until at least 95 per cent, of the sample have passed 
over. ^ The total distillate up to 12®° i^ tested for its specific 
gravity, which in the case of good light oil ought to be o-88o to 
0-885 ; if it is below o-Sso, there is a suspicion of paraffins 
being* present. The fractions* distilling above 180", when 
cooled down to the ordinary temperature, give a crystallization 
of naphthalene, th^ quantity of which is foupd by pressing 
between filtering-papet, or draining on porous earthenware 
plates. , 

In order to test for phenols mnd for bases (pyridines), all 
the fractions are united, rinsing out the graduated test-tubes 
with xylol,'afid the mixture is shaken in a graduated cylinder 
with ioo c.c. caustic-soda solution of sp. gr. i-ioo. After the 
two liquids have separated by repose, the volume now occupied 
by the aqueous liquid (the caustic-s®da solution) is read off. 
Every cubic centimetre over and atibve too is calculated = I per 
cent of phenols. In order to estimate these more accurately, 
the caustic-soda solution is carefully separated from the oily 
layer and is boiled down on the water-bath, until there is no 
more cloudiness produced by the addition of water; it is then 
allowed to coo! down, acirjulated'with hydrochloric acid, and 
salted out by a^Jdition’of common salt The volume of the 
phenols separated is read off and cafculated = i per cent per 
cubic centimetic. , 


The^uantity of bases is found b^ shaking the oil, remaining 
aftei* extracting the phenols as above, with 30 c.c. sulphuric 
acid of 20 per cent. HjSO^, allowing to sittle, and measuring 
the increase of volume of the sulphtric acid. A contfolling 


operation can be made by evaporating, as in the case of tl^ 
phenols, anS careful precipitation with a large excess of caustic- 
iodst solution of sp. gr. 1-4. Jlhe quantity of pyridine pffesen^ 
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in the mixture of bases is determined by the process described 
in Chapter X., p. 854, and infra, p. 988. . , ' ‘ 

The testing of light oil for the quantity of commercial 
products to be obtained by working them up on a large scale 
will be described lower down, in connection witlj the testing of 
crude benzol for commercial products. • 


II. Commercial Benzols. 

The laboratory tests for the benzols bought and sold vary, 
of course, according.to the demands of the trade, ^ye shall 
describe them in detail; but of course not in every case all 
these tests are required. Those always made areithe fractional 
distillation, the specific gravity, Lhe behaviour towards sulphuric 
acid and bromine, the percentage of paraffins, carbon disulphide, 
and thiophen ; in the case of the high-boiling benzols also the 
smell. 


I. Fractioml Distillation. 

A test always performed is that by fractional distillation. 
For this purpose usually ordinary glass retortr'or fraction- 
ating-bulbs are employed (see Fig. i8i,p. 868). In this case 
the position of the thermometer is of great importance 
(p. 868), and also in other respects different results may be 
obtained in apparatus of unequal construction. On this account 
and owing to the fragile nature of glass retorts, Regnault 
{Ann. Ckim. Phys., Ixviii., p. 409), at the instance of the French 
Government, constructed a standard apparatus, which is shown 
in section in Fig. 205. A is a cylindrical copper retort with a 
neck, d; and a bent vapour-tube, b e. The latter fits tightly 
into the lateral tube d of the condensef B. This consists of a 
brass cylinder, ef, ending at top and bottom in narrow metal 
tubes, g and i, and,fixed air-tight in a wider metal cylinder, 
m n. Into the latter enters a stream of water through 0 at the 
bottom and leaves at the top at p. It stands on a tripod,'P P, 
to which a horizontal frame, h I, is attached. In the latter 
slides "a carrier, V, containing five glass tubes, closed at the 
l^ttoin and divided into cubic centimetres; every one of the 
tubes can be thus brought under the outlet-pipe (f) of the 
cond^ser. By means of a pipette the retort is charged with 
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100 c.c. of benzol, which oughf; not to occupy much more than 
a "third ofc it. The thermometer T is fixed in the neck a, so 
that its* bulb ,does not dip into the liquid, and that the 8oth 
degree comes out very little above the cork. The distillation 
is carried on by the gas- or aldohol-flame S. The ordinary 



Fig. 205. . 


fixed points for changing the receivers i to 5 are 100”, 120°, 
140°, 160°, and \8o°. Thj convenience of this arrangement 
for changing the^receivers and reading off the volume of each 
fraction will be at once apparant. I'he condenser is cooled by 
means.of watei. • 

Herr {Ckem. Zeit., 1908, p. 148; /. 5 gc. Chem. Ind, 1908, 
p. 2f7) describes anotHer kind of dephlegmator. This is a glass 
tube, 300 to 1000 mm. long, filled with fead shot-bullets, sis* 
of which weigh i g. The cylinder is’covered with cottoft-wool 
or the like, to prevent loss of heat. Further arrangement 
are descritfed by means of w;hich it is possible to fractionate 
liquids at temperatures up to 330“ C, such as petroleum. * 
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English Method—hx the English tar-works and at the 
buyers’ laboratories glass retorts are employed far ^testifJg 
benzol. Frequently differences of opinion occur between buyer 
and seller, chiefly caused by the fact that it is not usual in 
the English trade to place th^; thermometer in the only proper 
position, as shown in the diagram. Fig. i8i, p. 868, But to let it dip 
more or less into the liquid. Further deviations are caused by 
differences in the size of the retorts* and the speed of the dis¬ 
tillation. The following detailed directions, by W. W. Staveley 
{Chem. News, xliii., p. 70), are intended to produce a uniform 
result; but this woujd involve their being accepted everywhere 
, , as binding, which is far' irom being the case. One hundred c.c. 
of the sample is to be put into an ordinary 6-oz. stoppered 
retort, connected with a Liebigls condenser whose condensing, 
tube is I in. wide and 30 in. long. The thermometer is so 
fixed that its lowest point is | in. from the- lowest portion of 
the retort. Heat is applied by means of a Bunsen rose-burner 
(Fig. zo^l, in such a manner that the distillate runs in separate 
drops into the 100 c.c. burette employed as the receiver.’ A 
moment before the desired temperature is reached the lamp is 
removed, whereupon the thermometer rises to • the ’ proper 
point; and the reading-off is made as soon as the benzol ha.s 
ceased to drop from the condensing-tube. The contents of 
the retort, after cooling, are poured into the burette; and the' 
loss, if any, is added to the-percentage of the distillate. New 
corks absorb benzol, and hence are not to be recommended; 
neither are new clean retorts suitable, unless a few fragments 
of brick are introduced. Best of all are retorts which, having 
. been used for some time, have a slight coating of carbon 
inside. ■ • , 

Some years ago I found at the largest English tar-works 8-oz. 
retorts, whose beaks dipj)ed into condensing-tubes | in. wide 
and 27 in. long, sqrrounded by a glass cooler, as shown in 
Fig. 207. The thermometer was so placed in the retort that its" 
end was f in. from the bottom. 

. Allen {Comm. Or^. Anal., 2nd ed., ii., p. 496), in contradiction 
to thetoumerous complaints respecting the uncertain results of 
the- ordinary English commercial-benzol testing, asserts that 
very^ constant results can be obtained by different operators, 
the variations rarely'exceeding i or per cent if the lest fa 
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properly understood. Hd gives the following instructions for 
coiductjng the ordinary retort-test, so as to ensure, results as 
accurate as the process will admit of. They apply to 90 per 
cent, benzol, which must, of course, be modified to suit other 
qualities. One^ hundred c.c. of Ae benzol is measured in an 
accurately graduated cylinder, and poured thence into a 
tubulated retort holding 200 c.c., or 8 fluid’ounces. A delicate 
thermometer, 14 in. long and with a small bulb, is fixed in 



Fig. 2o». 


^ • 

the tubulus by j cork ^io as to be vertical, and so that its 
bottom is f in. distant from the bottom of the retort. The 
first marking or division of the thermom|;ter is at 70°, which 
point should be well out of the lytort, and the graduation 
shouid ■ffe continued ftp to 130°, with divisions at each or 
Ijetter i, of a degree Centigrade. TheAiometers, otherwise 
similar, but differing some 6 in. in the? height of the ioo> mark 
give distinctly different percentages in benzol-testing.'- TIjf 
^ Proper thermometers are obtaiaable from L. Casella, 147 Holbom Bars, 
Londdn, E.C. 

3 f 
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heck of the retort is inserted into the inner tube of a Lfebi^’s 
condenser,'and pushed as far as it will go. The«conden 5 er 
should be from 15 to 18 in. in length, and well supplied with 
cold water. The neck of the retort should not project too far 
into it, and, if necessary, should be cut short. No cork or other 
connection is necessary between the retort-neck and condenser- 
tube. Before use. Both the retort and the condenser sljould be 
rinsed with a little of the sample and allowed to drain; or a 
little benzol is distilled in it and the residue carefully drained 
out. The graduated cylinder employed for measuring out the 
sample is nej^t placed (without drying it) under the fujither end 
' of the condenser-tube in such a manner as to catch all the 
distillate, while allowing it to drop freely. The J-etort is then 
heated by the naked flame of k Bunsen burner, furnished with 
an air-regulator working automatically with each movement of 
the tap, and surrounded by a cylinder to exclude currents of 
air.* The flame should be small, about'^the size and shape of 
a filbert) and, when the distillation of the benzol commences, 
must be so regulated that thecondensed liquid shall fall rapidly 
in distinct drops, not in a trickle or a continuous stream.- 

When the distillation commences, the flame is' re'gulated, 
if necessary, and the rise "of the thermometer carefully 
watched. The moment it registers 85°, the flame is extin¬ 
guished. But as the thermometer even then still rises o°'5 
to i°'0, this must be allo^red for. A little experience shows- 
the amount of this after-rise for each special case; thus, if it 
be 1°, the gas should be turned out when the thermometer 
registers 84“5, because it will still rise to 85°-5, and thus 
85°'0 may be considered the mean reading. Four or five 
minuteo are allowed for the liquid^ in the condenser to drain • 
into the measuring-cylinder, and then, the volume of the 
distillate is carefully read'off and recorded. The lamp is then 
relighted, and the distillation continued till the theriwimeter 
rises to 100° (observing the above-described precaution as to 
the after-rise), when the gas is turned off as before,*an<i the 
Volume of the distillate is read off, allowing time for drainage. 
The residual liquid in the retort is allowed to cool, and is then 
poured, to the last drop,. into the measuring cylinder. A 

<* It is well to place the lamp in a deep tin basin to hold the benzol in 
th^ ev6nt 6 [ a retort cracking. . ^ 
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d^ciency from the too cc. originally taken will generally be 
observed. * This deficiency, amounting to I c.c. or So, which is 
supposed to be caused by loss of benzol (although it is due far 
more to expulsion of acetylene jmd other gases), is added to 
the reading fo» each temperature, and the corrected volumes 
reported as the “strength” of the benzol examined. The 
variations in barometric pressure are allowed for by deducting 
or adding i° C. for each inch below or above 30 in. Thus, if 
the barometer marks 29-5 in., the gas should be so extinguished 
th^t the thermometer may mark a mean temperature of 99°-5 
instep of 100°. [According to my 6bsfr\««tions, this correction 
does not hold good for elevated situations, where the deviation 
of the barometer from 30 in. is too great; in that case the 
only practicable way is to distil pure benzene at the same time, 
and regulate the thermometer accordingly, as will be explained 
below, iytogether the method just described.cannot be con¬ 
sidered as accurate in Iny way.] 

An anonymous writer {Chem. Ncivs, xliii., p. 93; li(, p. 170) 
has asserted that for each V(r in.lowering of the barometer o-8 
per cent tnore is found than at the normal pressure; but this 
is evidently'exaggerated. W. Thomson {ibid., xliii., p. 115) 
recommends immersing the distifling-vessel entirely in a copper 
water-bath, so that the quantity passing over will be ascertained 
independently of the shape of the ^vessel, the state of the 
barometer, etc.; then the water mi^t be siphoned off, and the 
copper box used as an air-bath for the higher temperatures. 
But it is here overlooked that the temperature inside the retort 
is several degrees below that of the water- or air-bath. In any 
case the water-b^th would have to be brought, by the addition 
of common salt or the lil^f to such a temperature as tb raise 
that inside the retort to icx)°. , 

I have myse’f, in an extemled investigation {Chem. Ind., 
1884; pp. 150 et seqi) in which I was aided by contributions from 
many ofjjie largest producers and consumers of benzol, shown 
the .^reat uncertainty attaching to all tlje ordinary testing 
methods founded on fractional distillation. It was found that* 
the results were influenced by the following circumstihces: 
the material^ of the retort (glass or metal); the shape (Jf th» 
same; the presence or absence of a dephlegmator; the exact 
position of^the gas-delivery tube with reference to the lev*el of 
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the liquid, its width, and the way it was joined to the neck 
the flask; the position of the thermometer; the length) widthj- 
and inclination of the condenser; the rate of distillation; the 
mode of reading-off; the barqmetric pressure. Uniform results 
can only be obtained by eliminating most cr all of these 
disturbing influences, preferably in the following manner:—A 
quantity of the purest obtainable article is set' aside- as the 
“ type.” The sample to be tested is distilled in any suitable 
apparatus, the more rationally constructed the better, and 
immediately before or after a similar quantity of the “type" 
is distilled in the same jpp^ratus exactly in the same Wayi 
These investigations were continued by a special committee 
of the German Society of Chemical Industry, whdse report has 
been made by Dr Bannow {Chem.Ind., 1886,p. 328). Thefe was 
an extraordinary diversity of opinion whiclj ultimately led to 
the conclusion that different clg^sses of substances, as alcohols, 
phenols, hydrocarbons, bases, etc., behaved differently with 
regard to their boiling-points, and thqt hence uniform rules. 
for determining boiling-points can hardly be established. 
Bannow himself (the manager of Kahlbaum’s wqrl^) pmploys 
for the most heterogeneous substances a globulUr retor.t of a 
capacity of 200 c.c. (say 7 oz.), made of platinum, silverj or 
copper, 0-7 mm. (=-3V in.) thick, and 73 mm. ( = about 3 in.) 
diameter, consisting of t\fo ganged halves screwed" together and 
made tight with a ring of wetted or oiled cardboard. [This 
arrangement has the drawback that the joint between the two 
half-globes js not always tight.] On the top there is a neck, 

I in. long and | in. wide, provided with a glass still-head, J in. 

. wide outside and 4 in. long, with a globular enlargement in 
the centre, and | above this a sidcttujse, branching off nearly 
at a right angle, sealed on without any contraction. The still 
rfists on asbestos cardboard, With a circular hole of in. 
diameter, and is Heated by a plkin Bunsen burner* i^osq, 
flame always burns blifc. The Liebjg cooler is igoo mm. 

( = 31 in.) long, and inclined at such an angle that-the outlet is 
*4 in. below the inlet. T}ie thermometer is made of thin glass, : 
not t&icker than half the width of the glass still-head;'^ 
tifrcury-bulb is placed in the centre of the globular enlargement 
The jthermometer-scale can be moved up and down by iheans 
of an adjusting-screw. The qiftntity of benzol pljced In tbt 
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retort, rs no c.c.; the 3’c.c. first distilling are rejected, and 
■the disjilktion is carried on so that 5 c.c. per minute, or 2 
drops per second, pass over. It is continued until the receiver 
has been filled up to 100 c.c. No correction is made for 
barometric pr^sure; but the tTiermometer-scale is adjusted 
by means of the screw before every test, by distilling 100 c.c. of 
a nornjal “type” and fixing the scale in the moment when 
60 C.C. have passed over.—Most of these points were adopted by 
the other members of the Commission; but they all objected to 
tl^e use of metal retorts, preferring glass, and to the rejection of 
the fi^rsti and last portions of the 'dijtiltite [which, in point 
of fact, is not possible in^benzol-testing]. 

Mendelej»ff (/. Soc. Chein. Ind., 1883, p. 371) employed, for 
the tasting of Caucasian petrol Aim, a special method, consisting 
in conducting the vapours issuing from the dephlegmator of the 
first retort .through* a tube which passes down tj the bottom of 
the second retort, an# from there through a dephlegmator of 
thp same contrivance' into a third, fourth, and fiftih retort. 
When the temperature of the lasT retort has reached the height 
desired, the distillation is discontinued, and only resumed after 
the contents'ef the first retort have absorbed the contents of 
the remaining ones. Thus a vtry great number of fractions 
were obtained. 

Forel {C/teni. Zeit., 1897, p. 393) employs a glass flask, 
A (Fig. 208), holding 200 c.c. ThA glass tube, B, 60 cm. long 
and 18 mm. bore, is connected by tube a with the Liebig 
copier D, 80 cm. long. The thermometer C is divided from 0° 
to 100° in ^°, and the mercury is entirely surrounded by 
the benzol vapour. One hundred c.c. are distilled off always in 
the same space of time (s^een to seventeen minutes) *and at 
the same baronj^tric p*ressure of 73^ mm. [how is that to 
be secured ?]. At this pressure^ water boils at 99°-2; benzene 
boils with 734 ram. at 79-2, with 738 mnk at 79°-2, and with 
743 mm. at 79°-4. For each 20 degrees of the thermometer 
not sTirroumJed by vapour, 1° must be added. 

The method now to be described, as published by F. Franlf 
in Ckem. Ind., 1901, p. 240, and by ICraemer and Spilfter, in 
'Muspratt-Stohmann’s Chemie, vol. viii., p. 34, has been \rt>rke^ 
out on the "basis of the conditions laid down by me in ia84 
(p. 863), and is an amplificatipn of the prescription given by 
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Bannow (p. 964). It has been adopted by the leading German 
benzol manufacturers as the standard method. " , ' 

,1. The still, Figs. 209 and 210, is made of sheet copper, 
0-6 to 07 mm. thick, of a globular shape, 66 mm. diameter, with 
a neck for receiving the thermometer tube 2f, mm. long, 20 
mm. wide at the bottom, and 22 mm. at the top. 

2. The thermometer tube is of glass, 150 mm. Ipng, 14 
mm. wide inside, with a bulb 30 mm. wide, midway of its 



height The side-tube, 8 mm. wide, is joined to it 10 mm. 
above ^he bulb, nearly at a' right ^apgle. 

3. The still stands (jn an asbestos slab .provided with a 
circular hole, 50 mm. diameten The furnace has four round 
holes, 10 mm. belowtthe top, for the escape of the products of 
combustion! The heatings.is performed by an ordinar^Buiisen 
burner, 7 mm. wide, whose flame must be blue at any poUtion 
"of the tap. 

4. ‘The Liebig cooler is 800 mm. long, 18 mm. wide, and 

kas s6^ an inclination that the outlet of the inner tube is ioo 
mm. below the inlet. • 1 , * 

5. ^ The charge is 100 cc. Tl» distillation has to be carried 
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6. The thermometer should be rhade of thin glass. Tts' 
outside diameter should not be more than half the width, of the 
tube. Its bulb should be placed in the centre of the bulb. 
For go per cent, and 50 per cent, benzol a thermometer is 
employed with divisions for each C.; for" pure benzene and 
toluene, it should be divided into o°'i C. 

The thermometer is preferably provided With a^ .scale, 
movable by means of a screw, which is set at 100° before every 
test by distilling 100 c.c. of distilled water at the moment when 


2S 



50 c.c. have distilled over. Such a thermometer shows 80° as 
the boiling-point of pure benzene and iio^ as that of pure 
toluene, whichever the barometric pressure may be, unless this 
has changed during these operations. Or ejse an ordinary 
thermometer is employed whose SKjle has been accurately 
compared with that of a ^andard thermometef, tested by the 
Reichsanstalt. In the latter case the boiling-point, must be 
corrected for barometric pressure according to the rules ^iven 
by Lenders {Chem. Ind., 1889, p. 169) as follows:—(a)^o the, 
percentage of distillate, obtained at 100° C. at Jsarometric 
■pressures between yzls and 780 mm., in oMer to .reduce this 
to 760 •mm., add or deduct for each millimetre in the case 
of,50 per cent, benzol, 0.077; in the case of popper cent, 
beii^l, 0-033. (i) When distilling between 720 and. 780 itim., 
^dd 011^040^ to 100° C. for each millimetre in the c^yje of 50 ' 
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'ger cent, benzol, o°-046rC.; in the case of 90 per cent, benzol, 
0°'045J iri order to obtain the real temperature, correspond¬ 
ing to 760 mm. (c) For pure hydrocarbons the difference of 
temperature for each millimetre between 720 to 780 mm. is in 
the case of b^zene, o°-043 '> toluene, o°-047; xylene, o°-o52 C. 

An example will make this clearer. Suppose we have 
distilled a tgo per cent, benzol at a barometric pressure off 
721-2 mm. (reduced to 0°) and obtained 88-8 per cent, 
distillate at 100°; 760—72i.2 = 38-8; 38-8 x 0-033= 1.28. 

Peducting this from 88-8, we obtain 87-5 as the real per- 
centi,ag« of benzol. » ^ , 

When working according to these accurate and detailed 
description?, different chemists ought always to obtain the same 
results with the same materiSl. If tested according to these 
prescriptions, commercial 90 per cent, benzol should yield at 
least gOjper cenft at 760 mm. pressure wh^ distilled up to 
■100° C. Usually 90^ to 93 per cent, distil over. Commercial 
50 -per cent benzol should up to 100’ yield at least 50 per 
cent, and up to 120° 90 per cent., but 53 and 93 per cent are 
tolerated. 

THe ddsignation “per cent" in all these cases does not 
mean that “90 per cent benM" contains 90 per cent real 
benzene, C^Hj, or “ 50 per cent benzol ” 50 per cent CgHj, the 
remainder being toluene, xylene, eta Very different mixtures 
fulfil the ordinary testing conditi(?n. 

The requirements concerning the behaviour in distillation 
of the various descriptions of commercial benzol {cf, also 
p. 949 et seq) may be stated as follows, the fl|;ures denoting 
the minimum required :— 


Commercial 90 per cent» binzol 
a 50 » 

„ . ber./ol, No. III. 

IV 

V 

n « 

^ % VI 

„ heavy benzol 


90 p.c. up*to 100” C. 


5 ° * .. 

100°, 90 p.c. up to 120' 

0 „ 

100°, 90 

„ iio° 

0 }, > 

120°, 90 

» ‘ 145 ' 

0 * » 

130“, 90 

160' 

0 „ 

145°. 90 

» 175' 

0 „ 1 

160°, 90 

.. J 9 o‘ 


Pure benzol should yield 95 per cent, within o“*8 ^ 

„ toluol „ 95 » i» 0°*® ^ 

„ xylal o up to 136®, 90 per cent, up to 140’ * 

Cumole IT o »»'* 163) 9® 172 

Pseudof^ol „ o 167°, 90 „ „ 170“ ’ 
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Benzol free from thiophen has th^ same boiling-points as 
pure benzol. ■ 

In order to avoid the influence of carbon disulphide on 
the testing of benzol, which frequently leads to awkward 
irregularities {cf. the statements of Watson Spiith, p. 937), 
Nickels {Chem. News, xliii., pp. 148 and 250) treats the benzol 
'twice with 10 per cent, by volume of a hot saturated so^qtion 
of caustic potash in absolute alcohol, agitates for two hours, 
filters from the precipitate of potassium xanthate {cf. aboat this, 
infra, p. 982), removes the alcohol from the filtrate by twice 
washing with its owq volume of water, removes the;, water 
suspended and dissolved by agitating with a little plaster of 
Paris, and distils as usual. Thus much more constant results 
are obtained than without that' purification; the benzol now 
shows a lower sp. gr. (0'882 or o-88o, instead of 0'885), and is 
quite free from alliaceous smell. ' 

The following results were obtained by Nicke'ls from ■ 
the same benzol-A, when distilled in an 8.oz. retort in the 
ordinary way; B, after removing the carbon disulphide in the 
manner described above; C, when the purified benzol was 
distilled in a three-bulb apparatus instead of in 'an' 8-oz. 
retort‘ 



A. 

Cozfinisrcial 90 
per centcbsQzol 
lu 8-oz. retort. 

B. 

A after being 
purlfled froQi C8e 
In 8-Cs. retort. 

0. 

B diatllled In a 
flask vlth tbree- 
bull) apparatus. 

Spec. grav. at . 

X 

0.884 

0.881 

0*881 

First drop distilled at 

79”-5 

83°.4 


5 per cent. „ 

... , 

84°.a ‘ 

8i“.25 

Jo « * »» . • 


• ( 84'’»3 


• 


S 5°<3 

8a°.8 

« » 

c84°*o 



30* i» »» 

. 

85”.8 

83".o 

4 ® ti »> » 

85“-4 

86‘‘.4 

■ss’-s. 

50 H « • 

86“.4 

87’.1 

84’-7 

60 )i • 


88°.3 

85^ 

70 If 


9 «* 4 ) 

8^ • 

80 « 

93 ‘'-o 

93°<3 

• 89“.3 

90 „ 

ioo°« 

ioo"»o 


95 ♦» % »» * 

• *•* 

112'*^ 

ill“.8 


§y operating on 300 c.c. of the same sample, rcmotflnf 
the carbon disulphide by alcoholip potash, and several times 
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repeating the process' of fractionating with the three-bulb 
appa^atas, Mr Nickels obtained the following results as 
indicative of the proximate analysis of the benzol tested;— 

F«r cant. 


Carbon Aisulpfiide . . . , . 1-5 

Light hydrocarbons, sp. gr. 0-872 (not nitrifiable, prob- 
a ablyAhiefly amylene and acetonitrile) . . 3-5 

Benzene, sp. gr. 0-885, distilling within a range of 2° - 78‘4 

Toluene, sp. gr. 0-8715, distilling within 2° . . 16-6 


100-0 


It is very desirable*that the present empirical and conven-. 
tioijal mode of benzol-testing should be replaced, at any rate 
in important cases, by the above treatment, based on scientific 
principles. 

Detlrmination oj^ Toluene. —H. G. Colman* (/. Gas Lightings 
1915, cxxix., pp. 196 and 314) gives special rules for the 
determination of toluene in commercial. toluol and solvent- 
naphtha, The sample of toluol is distilled from a standard 
Engier flajk under the prescribed conditions, and the volumes 
of the fractions collected below 105°, from 105° to 117°, and 
abdve 117°, are noted by the aid of a table which is based on 
a large number of distillations of mixtures of benzene, toluene, 
and xylene; the percentage of toiuene may be derived from the 
volumes of the extreme fractions. The table is only applicable" 
to mixtures which contain $0 to 75 per cent, of toluene. 
Other samples must be diluted with benzane, toluene, or 
-xylene, so that the extreme fractions are, each of them, not * 
less than 5 per cent, nor^ more* than 50 per cent, of,the total 
distillate. If, the sfcmple contains {)araflfins, ICXD c.c. may 
be fractionated by a Youpg twelve-bulb column, and^ the 
percentage of the toluene fraction, 107°^ to 115°, corrected by 
measuring its density. For evey^ 0-001 that the density is 
beto<f^-8^8, a reduction of 0-75 per cent, is made. In the case 
of commercial solvent-naphtha, the saAiple is distilled at the 
rate of one drop per second, with an efficient fraciionating* 
column, to give at least 3$ c.c. of distillate below J38°. If. 
200 c.c. of the sample fail to yield 35 per cent, of this fraefion, 
it may be considered to ^e practically free from ioluene. 
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Otherwise, 35 c.c. of the distillate are mixed with 57 c.c. of 
toluene and .15 c.c. of benzene, and examined as above,, 


2. Specify Gravity. 

The specific gravity is usually only ascertained by the, 
hydrometer, but for accurate purposes a Mohr’s balance should 
be used. The average specific gravities of commercial benzols 
are stated by F. Frank {Chem. Ind., 1901, p. 262) as follows 


Pure beniene .... 
Benzene free from tlyophen' . 

Toluene. 

Xylene. 

Benzol, 90 per cent. . . , 

„ 5 ° « ... 

11 „ . . . 

Solvent-naphtba boiling up to 160" 

» » ^75 

“ Heajry benzol"... 


. from 0-883 1° 

„ 0-883 „ 0-8S4 
- _ .. 0870 „ 0-871 

.’ „ 0-867 ,, 0-869 

. „ 0-880 „ 0-883 

„ 0-873 o ’873 

» 0-870 „ 0-872 
„ '0-874 » 0^80 
. 0-8^0 „ 0-910 

. „ 0-920 „ 0-945 


A lower specific gravity than the limit here given points to 
the presence of paraffins in more than usual quantity, a higher 
one in the case of Nos. 1 . and I I.,^especially to carbon'disulphide, 
in Nos. III. to VI. to insufficient washing. „ 

Haissig’s attempt {Chem. Zeit., 1897, p. 939) to draw con¬ 
clusions on the composition^of benzols from their specific 
gravities is proved to be untenable by a look at the above-given. 
table, and has been expressly repudiated by Spilker and, 
Bindewald {ibi<p.. 1898, p. 27). 


3. Thesis for Paraffins {admixture of Shale'Oil, etfy. 

Sulphonation Method. —We first quote'this tq^t for paraffin, 
described by F. Frank and Sy Kraemer and Spilker (Muspratt’s 
Chemie, 4th ed., viii., p, 43) as the most reliable:—Shake 200 g. 
of the sample in a separatjpg-funnel with 500 g. of -fuming 
sulphuric acid, containing 20 per cent. SOJ, during a^ua^tefof 
anJiour, avoiding a risi of temperature, and allow two hours for 
^settling.«- Run off the acid and repeat the treatment with <a 
fresh quantity of acid twice over, settling and drawing off the, 
acid as before. When 1500 g. of tjjat acid have been used, all 
the hydrocarbons, except the paraffins, are usually dissolved. 
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'Collect the oil by itself, and let the acid run irt a slow stream on 
to its fivfn weight of crushed ice, placed in a 3-litre flask, with 
frequent shaking, so that the temperature does not rise over 40". 
Then distil over'a free flame directly into a separating-funnel, 
holding 100 r,c. When, apart from the first distilling oil, 50 c.c. 
of water has passed over, you may count upon having 
recovered any paraffin, dissolved or mechanically mixed with* 
the sulphonic acids. Draw off the water, unite the paraffin with 
the oH previously collected, and shake repeatedly, every time 
jvith 30 g. of the fuming sulphuric acid, until no further 
dinynution of volumes takes place.* ^^ajh with a small quantity 
of distilled water, an^ weigh the oil, which represents the 
paraffins ccmtained in 200 g. of the benzol. 

•The word “ paraffin ” in thildescription denotes all substances 
which cannot be sulphonated or destroyed by fuming sulphuric 
acid, yhat melhis that any naphthenes present, as well as 
carbon disulphide, ftre included among the paraffins. Since 
practically the designation “paraffin” is identified with “non- 
nitrifiable,” the figures obtained as above are applicable to this 
(a direct estimation of the nitrifiable constituents will be 
describe’d infra). If the carbon disulphide has to be distinctly 
deducted, it must be estimated "by one of the processes described ■ 
infia in No. 4. 

Benzols Nos. I. to III., as well as»toluol, generally yield only 
a few tenths, up to at most 1 {)er cent, of paraffin. If more 
'than this is found, it points to an adulteration with shale oil, 
petroleum, or the like. 

To distinguish coal-tar benzol or naphtha frfm petroleum- or 
shale-spirit^ etc^, which are also frequently called “ benzoline, 
naphth*,” etc., and whiqji.may easily occur as adulterations of 
the former, isi not cJifficult. Both^ products can be at once • 
distinguished by their smell,rif unmixed; but in mixtures.tjie 
smeH of coal-uaphtha prevails over even a very large addition 
of petroleum or shale-spirit. T)»e specific gravity affords'a 
goffcTtest (p. 972) : with coal-naphtha it_ is always above 0-867 
at 15°, with petroleum .spirit, etc., beloW or at most very little^ 
above 0-700. There is, however, the drawback that carbon 
disulphide raises the density of benzol, so that it woald cj)m- 
pensate a lowering produced by petroleum hydrocarbon^. A 
direct estimation of the paiaffin, as described above, gives art 
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indication for the presence of shale oil, petroleum, and the like. 
Very distinct is the reaction with nitric acid, which at Cnee acts 
upon the aromatic hydrocarbons of coal-tar, but hardly at all 
upon the fatty compounds of petroleum or paraffin oil. 

The following useful synopsis of the characters of the two 
kinds of products has been made by A. Allen {Chem. News, xl,, 
'p. loi):— ’ ^ . 


Petroleum spirit^ Benzoline^ Benzine. 

1. CoDststs of heptane and its 

homologues. 

2. Heptane contains 84<o per cent, .of 

carbon. ^ i' 

3. Commences to boil at 54° to 60° C. 

4. Specific gravity at I5*‘5 about 0-69 to 

0*72. 

5. Smells of petroleum. 

6. Dissolves iodine, forming u solution 

of a laspberry-redfcolour. 

7. Does not sensibly dissolve coal-tar 

pitch, and is scarcely coloured by 
it even on prolonged contact. 

8. When shaken cold with one-third of 

its volume of fused crystals of abso¬ 
lute carbolic acid, the latter remains 
undissolved and forms a separate 
lower stratum. 

g. Requires two volumes of absolute 
alcohol, or 4 or 5 volumes ok 
methylated spirit of sp. gr. 0*828, 
for complete solution at the ordi¬ 
nary temperature. 

10. Warmed with foil measures of nitric 
acid of sp. gr. i<45, the acid, is 
coloured brown, but the spirit is 
little acted on and forms ^an upper 
layer. 


Coal-tar Naphtha^ or '‘^Benzol.'' 

1. Consists of benzene (CfjHg)*and its 

homologues. 

2. Benzene contains 92*3 per cenU of 

carbon. 

J. Comm'^nces to boil about 80® C, 

4. Specific gravity about 0*880. 

5. Smells of coal-tar. 

6. Dissolves iodine, forming a purple- 

red liquid ot the tint of Tin aqueous ^ 
solution tf potassium permanganate. 

7. Readily dissolves coal-tar pitch, 

forming a deep-brown solution.. 

8. Miscible with absolute carbolic acid 

In all proportions. 


g. Miscible with absolute alcohol in.all 
proportions. Forms a homogene¬ 
ous liquid with an equal measure 
of methylated spirit of sp. gr. 0*828. 

10. Completely miscible with* four 
measures of nitric acid of sp. gr. 1*45, 
* with great rise'of temperatuie and 
praiuction of dark-brown colour, 
A portion of tlve nitrobenzene pro- 
^ duced may separate out as the 
liquid cools. 


No. 10 is capable of giving quantitative results in separating 
the two kinds of oil The oil to be tested is treated \yith nitric 
a.ipid of sp. gr. 1-45 in k small flask with an inverted condenser, 
when the action has nearly ceased, the whole is poured into a 
narrow graduated tube; the measure of 'the upper layet 
indicates approximately the amount of petroleum spirit present. 
If the proportion of benzene is considerable, the nitrqtenzene ! 
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formed may not remain completely dissolved in the acid, but 
fbrm a Jayer of dark-brown colour below the, stratum of 
petroleum spirit. Nitrobenzene and petroleum spirit arc 
readily miscible "in the absence of nitric acid; but agitation 
with strong mtric acid dissolves*out the nitrobenzene, a portion 
of which may rise and form an intermediate layer, as above 
described. .According to Lainer {jCheih. Rev., 1897, p. S 5 )>’ 
benzol, when shaken up with a trace of alcohol (not below 95 
per cwit), gets muddy, whilst benzin remains clear. 

Gawalowski {Chem. Zcntr., 1897, i., p. 1038) recommends as 
a rcag^t picric acid, which is easily soluble in coal-tar benzol, 
but almost insoluble in petroleum spiftt. If the latter is added 
to ail equal i^olume of a concentrated solution of picric acid in 
benjol, the acid is precipitatecJin the form of crystals. 

HoXAe {Fischer's Jahresber., 1895, p. 554) employs tar-pitch 
previously exhaudked with boiling petroleum spirit. A gram or 
•so of tfiis pitch is4)laced on a small filter, and 5 c.c. of the 
liquid poured over it. From 5 to 10 per cent, iar-bcnzol 
dissolved in petroleum spirit is «tecognized by the yellow colour 
of the solution, and an approximate colorimetric estimation 
can be' tHu^performed. 

. For recognizing and estimaDing coal-tar benzol, etc., in the 
pre^nce of rosin oil and mineral oils, Valenta {Chem. Zeit., 
1906, 266) shakes the mixture in a graduated cylinder with a 
solution of dimethyl-sulphate, <Which dissolves the benzol 
hydrocarbons easily, the rosin oil in the cold only with difficulty, 
and the mineral oils not at all. 

Dimethyl-sulphate is also employed by GTaefe {Labora-. 
toriumsbuch fiir die BraunkohUnteerindiistrie, p. 134), according 
to whomJignite’oils are ve,ry litfle soluble in this reagent, by 
shaking out mis^tures df coal-tar oils with’ heavy petroleum oils 
with one and a half times they- quantity of dimethyl-sulphate. 
The diminution of volume indicates dirqctly the quantity of 
coal-tar oils, but when treating in Jihe same way mixtures of 
coalitir* oil^ with lighite oils, the proportion of the latter is 
found too high by 10 per cent 

Boehme {Chem. Zeit., 1906, p. 633) discusses the estimation 
of benzol, petroleum, and distillates from this in oil of turpentine. 

The nitrating test, to be fiescribed now, was formerly very 
generally employed to find Jhe real benzol, as distinct from 
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the “paraffin.” It is burdened by some errors, but we shall 
describe it here, since it is still a good deal in use, as §pving ad 
idea of how much nitrobenzene may be expected on the large 
scale:—Place lOO c.c. benzene in a flask of about 500 c.c, 
capacity, provided with a dropping-funnel, /z,,and a long tube, b 



Fig. an. 


(Fig. 211), for condensing any hydrocarbon volatilizing. Yrtpare; 
also a mixture of 150'g. nitric acid of sp.gr. 1-4, and iSooracxsg. 
sulphuric acid, sp. gr. 1-84; which must be allowed to coOl before, 
us^e. Eun this, drop by drop, through the tap-funnel a into.the' 
benzof, shaking this up almost constantly. As s6on as; the;, 
tempefaitore rises, cool the flask Ijy immersing it in a dish full 
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of water. When all the acid has been added, and when no 
further, rise of temperature takes place spontan«6usIy, heat 
the flask gently for an hour or two (during this time the tube b 
is best replaced by a proper reflux-condenser). Allow the whole 
to settle, and,separate the low^r acid layer by means of a 
separating-funnel from the crude nitrobenzene. Dilute the acid 
with several times its bulk of water; any o^ily liquid separating 
after a few hours’ rest is added to the nitrobenzene. Wash the 
crude'nitrobenzene three times with its own bulk of water, once 
with a very dilute solution of caustic soda (if a concentrated 
solution, is employed, an emulsion is formed which is very 
awkward to manage), and again with* water, taking care that 
no oil is losfc in separating the washings. The well-settled 
liquor can be at once tested fcr its specific gravity, which, in 
the case of 90 per cent, benzol, ought to be i-20; with 50 per 
cent, bcnzpl, i-iq 15°; but this is not decisive, as the nitro- 
benzol is not quite fmee from water, and some benzol may have 
escaped nitrification. The liquor is therefore distill«l from a 
fractionating-flask (Fig. 213, p."990) till the temperature has 
reached 150°, and the distillate is once more nitrated, but this 
time with'laj'ge excess of the acid mixture; anything remaining 
undissolved may be regarded rft non-nitrifiable hydrocarbons. 
TheiSretically, 100 parts of benzene furnish 157-6 of nitro¬ 
benzene ; 100 parts of toluene, 148-9 af nitrotoluene. 


4. Titration with Bromine. 

The object of this is to ascertain how far«the purifying 
operations have removed from the crude benzol the substances 
which add brornine and are reiflnified in practical use. The 
test is, therefore, applfecT only to washid benzol and toluol; 
it is not, applicable to xylol ,and ttiose commercial benzpls 
which .contain a considerable quantity o^ it, since the higher 
homologues of benzene even in the ^ure state are not indifferent 
to br®fMne.^ Hausserfhann {Chem. Zeit., 1887, p. 303) certainly 
contends that ordinary purified benzol, SIos. I. and II., gives 
‘no reaction with bromine, although it may contain •useless 
hydrocarbons (paraffins), but the object cf the test is to i^dic^e 
just those Hydrocarbons which add bromine.. 

The following prescriptions for this test are given by 

3 .Q 
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F. Frank and by Kraemer and Spilker. The test liquor is 
decinortnal'solution of potassium bromide-bromate,‘prepared 
by dissolving 9-9167 g. potassium bromide-f 2-7835 potassium 
bromate in a litre of water, a^d giving out o-oo8 g. bromine 
per cubic centimetre on the addition of dilute rulphuric acid. 
Put 5 c.c. of the sample into a stoppered jar holding about 
50 C.C., add 10 c.c. of dilute (20 per cent.) sulphuric acid-, and 
quickly add as much of the bromine test liquor as the sample 
takes up after shaking it up uninterruptedly for five rfiinutes. 
The end of the reaction is indicated when the oil, floating qfi 
the top, after five n-inutefe’ standing,* shows an orsnge-red 
colour, and when a drop of it, put on freshly prepared zinc- 
iodide starch paper, momentarily produces a dark blue colour. 
The number of cubic centimetres of the bromine solution used 
is stated as such. It is best to make a preliminary test before 
the proper one, “ Pure ” benzene and toluene should give a 
distinct reaction after adding less than 0-4 c.c. of the bromine’ 
solution to icx) c.c. of the sample; commercial 50 per cent, and 
90 per cent, benzols on the avdfage require o-6, rarely over ‘i g. 
bromine, but commercial xylol discolours after two minutes 
about 2 g. bromine, and much more after standing for -some 
time. Since the reaction is promoted by the action of light, 
any bright light must be avoided during the test. 

5. Testing with Concentrated Sulphuric Acid. 

This test, proposed by J. K. Smith {Chem. Zeit., 1899, p. 
224), has also'the object of ascertaining whether the purification 
of benzol on the large scale by washing it with sulphuric acid 
has been carried out to a sufficient ^xtent, a^d whether any 
resinifiable substances, like cumarone, fndene, etc., have been 
repioved as much as possible, e 

On being mixed with a large quantity of strong sulphuric 
acid, say, 20: \,pure benzpne and toluene are hardly coloured 
at all; other benzols take a yellow colouT which shpulS'TJb as 
slight as possible. T^ne observations of different analysts as to 

’ The original prescription was: to leave the sample standing for 
fifiitn minutes. Spilker afterwards found that this was top much, and 
that/ve minutes should not be exceedud in the case of benzol, and hatp 
a mintSe in that of toluol. 
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tlys colour cannot be directly compared by general expressions, 
wherefore* F. Frank and Kraemer and Spilker give the 
following exact prescriptions for testing 90 per cent, and 
SO per cent, benzol,, pure benzene,toluene, and xylene. 

Shake 5 c.%. concentrated sulphuric acid with 5 c.c. of the 
sample in a 15 c.c. stoppered bottle vigoroi;^ly for five minutes, 
allow kD staikJ one or two minutes, and then compare with a 
solution of potassium bichromate in pure 50 per cent, sulphuric 
acid, contained in a small stoppered bottle, exactly like the 
filjpt, holding 5 c.c. of that solution+ 5 c.c. purest benzene. 
Whea thus compared, 50 per cent’. ^d*9o per cent, benzol 
should exhibit a colour like that of a solution of 0-5 to at most 
1-5 g. cheminally pure potassium bichromate in 1 litre of 50 
per ctnt. sulphuric acid. Xyl^ will produce a colour like a 
solution of 1-2 to 2-0 bichromate per litre; with “pure” benzene 
and tolu^e the sjflphuric acid should give 110 colour at all. 
The colour of the bicRromate solution used as type keeps for a 
long time, but the pure benzene, used for the top hyir, should 
be renewed every time. "* 

The. Qerman Inland Revenue Office has adopted this 
methtyd for 4 esting the benzol No. I. (90 per cent.), used for 
denaturing spirits of wine. The higher benzols, Nos. II, to 
VI., may also be examined in this manner, but they may yield 
very different results according to the* use for which they are 
intended. * 

This test is also employed at some aniline-colour works for 
■ascertaining the /oss of technical bensols by tl^ purification 
process with sulphuric acid. One thousand g. of the benzol or 
toluol are shaken up in a lar^e tap-funnel with 125 g. 
sulphuric 5 cid of sp. gr. j-i^'ffor half an hour, and then allowed 
to rest. When kie two liquids in th« funnel have separated, 
the acid is carefully run out; thfe benzol remaining in the funntl 
is seveftil times washed with 200 c.c. wateS- each time, and at 
last w^^weak caustic-soda solution ^ay 5° Be.). Usually this 
purification 4s sufficient, but in the case of very bad benzols 
it must be repeated once or even twice, employing now only 
50 C.C. sulphuric acid. Whether this is necessary or not, is 
learned by,the just described reaction with bromine*; tht 
benzol used for this is always put back to the principal portion. 
The wash^ benzol is now Aied by means of a few nieces 



9 S 0 


WORKIKG-UP THE LIGHT NAPHTHA 


of fused calcium chloride, and weighed. The difference 
between the looo g. employed and the weight now found iqdicates 
the loss by purification. 

6. Testing for the Smell. 

The smell of thoroughly washed benzols is mild and 
pleasantly aromatic, whereas unpurified or imperfectly washed 
benzol has a sharp, disagreeable, or even empyreumatic. smell. 
It is observed by pouring a few drops on to pure filtering paper, 
and leaving it to evaporate jn the air. 

“ I- 

7. Examination for Carboh Disulphide. 

(a) Qualitative.—Vxthe.rm.'A.'da and Seyewetz {Ber., i8pi,p. 
788) have indicated the following reaction for discovering the 
presence of CS^ in benzol, based on a previous obs^vation of 
E. Fischer’s. They agitate 10 c.c. of the benzol with 4 or 5 
drops of'phenylhydrazine several times during one to one and a- 
half hours. If as much as 0’2*per cent. CSj be present, a thick, 
white, crystallized precipitate is formed, converting the' whole 
liquid into a magma. In the presence of 0'03 per cent. CSj 
the precipitate is still quite plainly visible; at 0-02 per cent. 
(0.17 g. per litre), the limit of the reaction is reached, and it is 
best to promote the crystallization by throwing in a tiny crystal 
of the compound formedt This is the phenylhydrazine- 
phenylsulfocarbazinate, discovered by E. Fischer: 

yS.N.jH,.C,iHj 

cs 

Filsing-point 97“ C., insoluble in benzene, easily soluble in acetone, 
precipitated from that solution in orange-coloured flakes. It 
is very quickly decomposed on keeping, or by contact with 
water. ' . ' 

c Liebermann and'-Seyewetz {Berl. Bet, 1891, p, 788) mention 
that reaction as available also for a quantitative estimation 
qf CSj in benzols. According to Frank {Chem. Ind., 
p.^ 262), this method, although, very accurate, has' not found 
entrance in the works’ laboratqries, as being too lengthy and 
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’troublesome. Cf. also infra, p. 983, the process described 
b^ Bay. . 

The presence of CS2 can be also detected by alcoholic 
potash, which forms crystals of potassium xanthate (see below), 
or by alcoholic aranyania, which fdtms ammonium sulphocyanide, 
easily recognizable by the blood-red reaction with ferric chloride. 
J. B. Cohen^ {Chem, News, 1886, p. 30i6J has tried to apply 
Traube’s capillarometer (devised for estimating fusel oil in 
spirit«of wine) for discovering carbon disulphide, as well as 
fatty hydrocarbons, in benzol. His own paper shows that this 
r^action^can hardly as yet lay claina to more than a qualitative 
value. • * 

(b) Quan^tative 'Estimation .—Holland and Phillips (/. Soc. 
Chem. IncL, 1884, p. 296) put 4 c.c. of the benzol to be tested 
into a piece of combustion-tubing about 12 or 13 in. long, 
sealed at one end r^id drawn out at the other extremity, so as 
to form a'funnel; thgy add 5 cc. of a solution of ferric chloride, 
containing 24C^ g. FeCls in 1000 c.c., and lo c.c. strong 
ammonia. The tube is carefullj4,sealed before a lamp and well 
shaken; it is then wrapped in a cloth and immersed in boiling 
water^ for* an hour or so. At the expiration of that time the 
tube is taken out, allowed to coal, and opened. The following 
reaefion will have taken place in the first instance:— 

CS 24 - 4 NH 5 O = NH^.CNS+*(NH,),2S4-4Hs,0, 

but the presence of ferric chloride will have caused the sulphur 
of the ammonium sulphide to be converted into FeS. This is 
now oxidized along with the sulphur of the thiocyanate in the 
following manner:—The contents of the tube are transferred to 
a flask heading about | litr^and are evaporated, just to dryness, 
by careful manigulatioif over a Bunsen flaVne : 20 c.c. of fuming 
nitric acid is added, and the wjjole is*boiled nearly to dryness. 
If any,sulphur is left unoxidized, a little nyare nitric acid must 
be added. Lastly, hydrochloric acijJ is added and some water, 
the stJTJtion is filtered, and the sulphuric acid in the filtrate is 
determined in the usual manner as barium sulphate. As it is 
not possible to get the whole of the ferrous sulphide out of the 
tube with water alone, this is best done by means of fi little 
hydrochloric acid and a few gjains of potassium chlorate. Tfiis 
"Hiethod is probably not mucli^ employed in factories, no* more 
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than the titrimetric method of Goldberg (Z. angew. Chem.,' 
1899. ?• 75 ). 

The method usually employed for estimating the "carbon 
disulphide in benzol is its conversion into xanthogenate, by 
shaking it with an alcoholic solution of potash, as first indi¬ 
cated by A, W. Hofmann {Berl. Ber., 1880, p. f732). Several 
chemists have worked out methods based on this reaction 
{eg. Nickels, Chem. News, xliii., p. 148 ; Biehringer, /. Gasbel- 
eucht., 1890, p. 341; Schmitz-Dumont, Chem.Zeit., i897,4)p. 487 
and 510). The reaction taking place is this: 

CSj + KOH-t-C^HijO = H20 + CS(0.C2H,)SK. , , 

The potassium xanthogenate forrfied is transformed into 
insoluble cupric xanthogenate by addition of cupric sulphate, 
which can be carried out either by volumetric or by gravimetric 
methods. 

The following is a prescription for carrying out thfe xantho. 
genate test, as generally used in Germany (Frank, loc,^ 
at.; Kraemer and Spilker)., Mix 50 g. benzol with 50 g. 
alcoholic potash solution (prepared by dissolving .11 g. 
caustic pota.sh in 90 g. absolute alcohol), and let the mixture 
stand at the ordinary temperature for some hours. Add about 
too c.c. water, shake well up, separate the aqueous liquor .'from 
the benzol, and wash thi^ several times with water. Unite all 
the aqueous liquids, and estimate the potassium xanthogenate 
formed from the CSj by the reaction : 

CS.2 -h KOH + CaHyO = H.2O + CS( 0 . QH JSK, 

by titrating it with a copper solution containing per litre 12-475 g. 
crystallized cupric sulphate, ar.d indicating per cubic qentimetre 
0-0076 g. CSj. For this purpose nefitralize the solution with 
acetic acid, and add the Ajpper solution until a! drop, taken out 
wfth a glass rod and placed on a piece of filter-paper beside a 
drop of a solution of potassium ferrocyanide, produces a red 
colour at the point of contact. The finaJ point is also tipfroxi- 
mately indicated by the fact that the precipitated cupric xantho- 
genate^which is at first, in,the shape of fine powder, aggregates 
in the shape of lumps. The quantity of potash indicated 
above IS sufficient up to a percentage of 5 per cent. CSj in the 
bertzoi, This will be enough in most cases, since even the 
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richer benzols rarely contain upwards of i per cent. CSj, and 
file poor/>nes none at all. 

Ecfward S. Johnson (/. Amer. Chem. 5 V., xxviii., p. 1209; 
Chem. Zentr., 1906, ii.,p. 1283) maintains that the composition of 
the cuprous xantlvigenate is nSt constant, and the sulphur is 
then found too low, on an average by 10 per cent. He assumes 
the proportion of CSj to the xanthogenatef to be on the average* 
= I : 1-750. The composition of the precipitate is influenced 
by i4<u5uantity and by the time it remains in contact with the 
mother-liquor. The total sulphur is found by evaporating the 
Jample in a current of hydrogen aad burning the vapours in an 
atmosp'liere of oxygen, whereupon tlfc sulphur is estimated in , 
the ordinar;^ way. * * 

J 5 ay [Comptcs rend., cxlvi^ p. 132) employs the reaction of 
Liebermann and Seyewetz p. 980), in the precipitation of 

CS2 with phenylhy^razine,quantitati vely. The compound formed 
.is CS2(C(fHr,. NH .,Nwhite, crystalline,'very unstable in 
solution, and Rightly so in the dry .state, but it will^keep long 
enough if a determination is effected in the course of a day. The 
precipitation is complete in two or three hours. Double, tared 
filtejs'are used, the excess of phenylhydrazine is carefully washed 
out "with pure benzene, and the»precipitate is dried in a vacuum. 
Tht results are a little high, owing to the difficulty of washing 
the precipitate completely. , 

Stavorinus (/. Gaslirlcucht.,i^\^., p. 8; Chew. Zentr., 1906, 
i-, p. 70s) employs the method of Petersen {Z. anal. Chem., 
xlii., p. 406) for estimating the carbon disulphide in benzol. 
Mix 25 c.c. benzol with 70 c.c. alcohol (96 per cant.) in a beaker, 
add 10 c.c. caustic-potash solution (8 per cent.), allow to stand 
for half ^n houl, then'add 5 c.c. WDneentrated, acid-free iiydrogeh 
peroxide (“ Perhydrok Jlferck "), evaporate the alcohol on the 
wateT-bath, adS 200 c.c. water, acidify with hydrochloric acid, 
and precfpitaic the sulphuric acid produced from the xanJho- 
genate formed in the first instance by the oxidizing action of the 
hyd«)gen peroxide as barium sulphate. One g. BaSOi=o-i6303 
g. CSj. Thiophen is not acted upon b3J the alkaline peroxjde 
solution. This reaction.can also ba carried out as a volumetric? 
method, in this way: mix 25 c.c. benzol with 70 c.c.^ alcohol, 
add 10 c.e. normal potassium-hydroxide solution; after halT an 
holir add 5 c.c. perhydrol, evaporate the alcohol, dilute*with 
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100 c.c. water, and titrate back with fifth-normal sulphuric acid 
(using methyl-orange as indicator). Every cubic centimettfe 
normal alkali consumed is = 19 mg. CSj. 

Ellerton (/. Gas Lighting, 1912, cxvii., p. 222) gives the 
following rule for finding the '^'approximate contents of carbon 
disulphide in benzol. Deduct from the specific gravity found 
(say, 0-9000) the figure 0-885, and divide the rqmaindfr by 
0-00346, thus: 


0.900 - 0.885 
0.00346 


= 4.3 per cent. 


8. ‘rciting for Thiopkcns. 

The reactions proving the presence of thiophcn in benzol 
were partly known before its discl/very, but erroneously ascribed, 
to benzene itself. The following are the most important of 
these reactions. . ■ , 

Laubenheimer’s indophenine reaction ‘is carried out as 
follows:—'In a small porcelain dish, previously ri/.sed with pure 
sulphuric acid, place a grain di isatine, into this a few cubic 
centimetres pure concentrated sulphuric acid, and into this the 
benzol to be tested. Put a watch-glass on and leave landing, 
If any thiophen be present, blue“rings will appear in the benzol, 
the following reaction taking place:— 

CgHoNOj ,.= C'ljH.NOS -H H.p 

Isafcin. Thiophen. ’ ludopheuin. 

Thus as little as o-oi per cent, thiophen may be discovered. Cf. 
V. Meyer {Ben, 1882, p. 2893); Bauer {ibid., 1904, p. 1244); 
Storch {ibid., 1904, p. 1961); Liebermann and Peus {ibid., 1904, 
p. 2461).^ Thiotolen produces'a blue colour with a <!hade of 
red, thioxen a purple "colour. *' » 

Liebermann’s reagent Vor thiophen {Ber., 1887, p. 3231) is 
nitroso-sulphuric acid, produced by adding to pure contentfated 
sulphuric acid 8 per cent, potassium nitrite and allowing the 
mixture to stand in an open vessel until 7 or 8 pei”ecnt. 
mpisture has been attracted from the air, and a large portion 
'of the potassium hydrosulphate has crystallized out; or else by 
cfissolving amyl nitrite in sulphuric acid. In order to test 
benzol for thiophen, 2 or 3 drops of the reagent' are put ■ 
in a test-tube, i c.c. of benzol is ad,ded and the mixture shaken 
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up. The acid, spreading out on the sides of the tube, at first 
Ihows a^ed colour, but this in the presence of tbiophen soon 
turns into green, and finally into a splendid blue colour, by the 
formation of thef compound : QH^NSjOj. If much thiophen 
is present, the coluilT appears af once; if only 2 or 3 per cent, 
is present, it comes out in a few minutes, and with very slight 
quantities ojily after a quarter of an hour. This reaction fails when* 
very minute quantities of thiophen are present, e.g,, in the case 
of se«e coke-oven benzols, as pointed out by Schwalbe {Ber., 
1904, p. 324), but Liebermann and Pens {Joe. cit.) even in such 
tases gjpt it after three hours, especially by improving it in this 
way: pouring off the benzol and afldmg to the acid at the , 
bottom a gfcat excess of sulphuric acid. Thus o-i per cent, 
thiqphen can be found. 4 

Kreis {C/iem. Zeit., 1902, p. 523) proves the presence of 
thiophen^in benzo'^by the (soon evanescing) coloration produced 
• by thalfirf. This paction may be also applied for testing for 
thiotoluene it^oluene, but it fails with thioxenes. , 

• Quantitative Estimation. —Ueniges (jComptes rend., cxx., pp. 
628 and 781) estimates the thiophens as Allows :—In a stoppered 
60 <^cl bbt^e 20 c.c. meramal solution (prepared by dissolving 
SO *g. HgO in 200 c.c. coicentrated sulphuric acid and 
diluting to a litre) is shaken with 2 c.c. benzol and heated, with 
agitation, on a boiling water-bath {pr an hour. After cooling, 
the precipitate is collected on a ^eighed filter, washed with hot 
water, and dried at no” or 115°. Its weight multiplied by 
0-0758 represents the thiophen. 

The process of Denigb can be carried out •olumetrically as 
follows (Bull. Soc. Chim. [3], xv., p. 1064);—Mfx 2 c.c. benzol 
with 30 <.c. melhyl aTcohoJ, free'from acetone, and quickly add 
10 c.c. of a solution 50 g. red meriuric oxide in 200 c.c. 
sulphuric acid and 1000 watej-. ShSke well, and after twenty- 
four tours filter off the compound former^ 

/Hg.O. • 

^ 0 / >HgSC,H,. 

\Hg. 0/ 

• 

Put 21 C.C. of the filtrate, corresponding to i cc. benzol, in a 
litre flask*, and add 350 c.c. water, 15 c.c. liquor ammoniac, icf c£. 
of a solution of potassium cj;anide equivalent to a decjnoVmal 
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solution of argentic nitrate, and 5 or 6 drops of a 20 per cent, solu¬ 
tion of potassium iodide. Clear up the solution in casf of need 
by heating, and add decinormal argentic nitrate solutiorf up to 
the formation of a permanent cloud. If « be the number of cubic 
centimetres of the silver solution used, the quantity of thiophen 
contained in i litre of the benzol is = («—0-3 c.c.)'x2-8 g. 

Dimroth i9C'2,p. 2035) found that at 100° C. thiophen is 
acted upon by a solution of mercurous acetate, while benzol 
remains unchanged. He proposes this reaction as a bq^ for 
the estimation of thiophen in benzol. Paolini and Silbermann 
(/. Chem. Soc., 1915, cviii,, ii,. p. S06) employ the same method.’ 

Schwalbe [Chem. Z^cnk;., 1905, ii., pp. 335 and 1126) declares 
the methods of Deniges and Dimroth not to be aa:urate. He 
employs the indophenin reactiop {vide p. 984) ,to quantitative 
colorimetric estimations, by which he states that he can estimate 
0-05 per cent, thiophen in a stoppered sh^ing-cylinder, and 
down to o-or id an open dish. Intervals of o-02.iier cent, 
thiophen can be well recognized. The lower^ limit of the 
method is" at O'OS per cent., tj)c upper limit ac O'5 per cent, 
thiophen—that is the limits between which the thigphen 
percentage of commercial benzol varies. For carrying out^this 
method, a number of test soVitions must be prepared from 
benzol free from thiophen and absolutely pure thiophen (the 
brand .sold by Kahlbaum is perfectly pure), viz., solutions 
containing 0-5, 0-25, o-i, o-oy^i;, 0'05, 0-025, and o-oi per cent, 
thiophen; besides, a solution of 0-5 g. isatine in 1000 g. pure 
sulphuric acid, which keeps for several months. Twice 25 c.c. 
isatine-sulphur(c acid is put in a 100 c.c. stoppered flask each. 
To each of these 25 c.c. pure concentrated sulphuric acid is 
added, ^nd to one of them is, added i 'c.c. of the ^enzene- 
thiophen test solution^ to the other i* oc. of the benzol to be 
tested. The flask is closed by its stopper, vigorously shaken 
dufing five minutes, allowed to settle, and placed on a white 
surface, in order to observe the coloration produced. The 
colour, if the percentage of thiophen is no^ below 0-05 perwnt., 
is under all circumst4,nces to begin with olive or blbish green. 
«. Tfie les^ thiophen is present the more slowly the coloration 
sets in, and is all the more verging towards green. Fifteen 
mihutes'^ suffice for establishing the result. If a commercial 
, benZol^^as to be examined, you must commence with the 0-5 
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per cent, test-solution,.and gradually go down; in case of 
• pure benzol,” you begin with the 0’2S or even the o-i test. 
As already mentioned, the limit of the applicability of the 
colorimetric method is at 0 05 per cent., for in the just-described 
method of working»in a stoppared flask a percentage of 0-026 
does not anj^more produce a green colour, but merely a faint, 
grey discoloration of the yellow isatine ^solution, whilst in thew 
qualitative carried out as above described in a small 
powelain dish, the blue and soon also the green colour appears 
in any case. With the test solutions of 0-025 and o-oi per 
tent, thiophen, these low concentrations can be colorimetrically 
distin^ished also in the dish, by ac^irfj^ to each 25 c.c. of the 
0-05 per cent. isatfne»solution always i c.c. benzene-test and 
the benzol to be examined. 


9. Testing for Total Sulphur. 

Irwfii.(yl Soc.^hem. Ind., 1901, p. 440) jhstly contests the 
assertion made by Holland and Phillips (p. 981), according to 
which their T?^thod indicates.^the total sulphur contained in 
benzol, whereas it acts only on carbon disulphide. He therefore 
proceeds as follows (Fig. 212). Into a spirit lamp, A, holding 
too c.c. he puts 10 c.c. of the penzol with 90 c.c. pure alcohol 
orciethylated spirits (the latter to be tested for sulphur in the 
same apparatus), shakes up, and lights the lamp. Round the 
wick he puts some pieces of carbonate of ammonia, F, and covers 
it with the bent funnel, B,just as is done in the ordinary testing 
of coal-gas for sulphur. The flame must not be too large, other¬ 
wise it will smoke, and no more wick than is ab^lutely necessary 
must be used. The gases pass through the apparatus C, filled 
with moist gl.iss be*ds, wherc,<the sulphur is retained; C is at 
the end washed out Jn^ef'E, and the sulphuric acid formed is 


estimated as UaSO^. If we call the^weight of the latter «, then 


the ierm 
per^kre. 


«X 32 X 1000 K f f c 

— ^-expresses the immber of grams of S 

The results are rathe? too low, but sufficient for 


practical purposes. ; 

Johnson (/. Ainer. Chem. ?{xviii., p. 1209) describes a» 
apparatus for burning the benzol vapour in an oxygen atmos* 
phere, absorbing the gases formed in a suitable way, an 3 estflnat- 
ing therein the S in the usual way. 



988 WORKING-UP THE LIGHT NAPHfHA 

'Schenk {Chem. Zeit, xxxviii., p. 83) gasifies the sulphur 
compounds ip commercial benzols by means of a slow current 
of air, inflames the gaseous mixture of benzols, air and sulphur 
compounds, and converts the latter by meuns of hydrogen 
peroxide into sulphuric acid. ^ , 

According to Ellerton (/. Gas Lighting, 1912, cxvii., p, 222) 



the 'typical English commercial benzols contain the following 
percentages of total iulphur:—Benzol from Durham tar 250 
grains per gallon; from Yorkshire tar 240 grainsfeom 
Lancashire tar 49 grains; from Staffordshire tar 504 grains; 
(Crdde coke-oven benzol 64-4 grains. 

10. Testing for Pyridine and other Bases, n 
CbtiMpercial 50 per cent, benzol sometimes contains o-i per 
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cent pyridine, and the ’toluene made from this 0^25 per cent, 
pyridine. This, as well as other basic substances,, are detected 
by agitating 100 parts of benzol with 4 parts of 10 per cent 
sulphuric acid fdV half an hour, separating the acid solution by 
means of a^tap-fofinel, making it alkaline with caustic soda, 
and distilling in a current of steam. The distillate is saturated 
withrfiitric^cid and evaporated to dryness on a water-bath. Or* 
else, in lieu of distilling, the free bases are extracted from the 
soThtien by means of ether. Properly purified benzol ought not 
^to contain anything soluble in dilute sulphuric acid, and but little 
imparting a dark colour to strong suljjJiuric acid. Sometimes 
a maxim,um is stjpulated for the^percentage of substances, 
dissolved •ut by strong sulphuric acid, viz., non-saturated 
. hydrocarbons and thiophensi The former can also be deter- 
’ mined by titration with bromine-water. Nitric acid of sp. gr. 
1-4 should not p:^duce any white vapours y'hen poured into 
benzol, ahd ought <iot to colour the benzol on agitating. 

II. Estimation of the Real Composition of Commercial Benzols. 

*rtie* quantitative estimation of the pure benzenoid hydro- 
car'bons in commercial benzSls is sometimes necessary for 
the objects of the manufacturer of aniline colours, etc., etc. 
This is possible in consequence of.the considerable difference 
of boiling-points of pure benzej^, toluene, the xylenes, and the 
cumenes. , 

For this purpose the common retort or fractionating-bulb 
must be replaced by a more perfect apparatus for fractional 
distillation, e^., Linnemann’s three-bulb tube, fitted with 
platinum-gauze cups, or .a Ld^el-Henninger three-bulb tube, 
which is the gjjparatfts most usually einployed in England. A 
Hemppl tube, as shown in Fig. 213^13 quite as efficient anc^ less 
liable to* breakage; it is a simple tube, narrower at the bottom, 
and with a side-branch near the toj^ filled with rough glass beads. 

T<j-eis^ (Liebig’s 'Annalen, ccliv., p. 259) has examined some 
of the laboratory fractionating-columnsi'or their efficiency. . 

In Germany, according to the description •f Franlc 
[Chem. Ind, 1901, p. 265), a kilogram of benzol iq disjilled 
from a 'copper-retort (as .shown in Fig. 214), on which a 
Le Bel-Henninger column, 2 ft. long, is placed. The 
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thermometer must have an adjustable scale, or else it^ 
indications must be corrected by the rules given by Lenders 



« *’ 3 - Fig. >14. 

(p. 968). < The position 01' the coolers, its width, and the 
rate,< of distillation are adjusted as described low^r down. 
The distillates are collected in tared glass bottles. The single 
fraction? are taken as follows< 
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(1) With go and 50 per cent, benzol:— 

* First runnings . . . up to 79° C. 

Pure benzene.... from 79“ to 85°. 

Intermediate fraction . . „ 85° „ 105”. 

Pure toluene. . . * . „ 105° „ 115“. 

Xylene.over 115". 

# 

(2^ Witft“ pure benzol ” :— 

First runnings . . .up to 79". 

P.eal benzene . . . from 7y° to 81’. 

Last runnings . . . over 81". 

(2) With “ pure toluol ”:— 

First running;^ . . .up to 79°. 

l5:al toluene .... from 109" to 1 io"-5. 
Last runnings *1 . over ilo”’5. 


(4) With xylol:— 

* • First runmngs . . . up to 13?'. 

/-Xylene .... from 135" to 137 , 

?»-y;(Jene .... „ 137” „ 140*. 

o-Xylene . . .** . „ 140" „ 145". 

Last runnings . . . over 145 '. 


When tested according to ^hese prescriptions, commercial 
be'rwols, according to Frank, yield on the average the following 
results;— 


First runnings . 


00 per oerrtl. 

Miizol. 

4*0 

SO por cent, 
benzol. 

0-3 per cent. 

Benzene . 



78-8 

18-3 


Intermediate fraction 


ro*o 

47-5 


Toluene . 

. 


8-0 

23- P 

>3 

Xylene 



2*0 

10-0 

» 

Loss. •. 

e 

^■2 

O'l 


• 

First runnings 

9 •'lir? 

beDzol. 

0-5 p.c. 


• 

Fii%t runnings 

Pure 

toluol. 

. . 0*3 p.c 

Benzene ’ • . 

98-0 „ 

• 

Toluene. 


■ 97-3 *» 

Last rfinnings 

1-2 


Last runltings 

• 2.2 „ 

Loss . . . . 

03 » 


Lass 


0-2 „ 


Xylol. 


First runnings . 

. . . «1'3 per cent 

Paraxylene 

• •• 15-0 „ 

Metaxylene 

• 76-5 „ 

Orthoxylene 

5-0 „ 

Last runnings . 

4 . . 2-0 

Loss 

» . . 0.2 „ 
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Toluene, if present in “ chemically pure benzene,” is recog¬ 
nized, according to Raikow and Uerkewitch {Chem. Zeit., 190*3, 
p. 295), by nitrating it {cf. p. 975 et seq.) and adding caustic 
soda to the product at ordinary temperature.' Chemically pure 
nitrobenzene remains colourle'oS, but even U minute quantity of 
nitrotoluene produces a yellow-brown colour, especially whei't 
the product has been diluted with a little gasoline. ^ ,, 

According to/. Gas^ightmg, 1914, cxxviii., p. 727, and 1915, 
cxxix., p. 198, the Committee on the Supply of High Explosives 
have issued a notice to tar-distiliers, etc., specifying the 
standard distillation test for toluene in benzol. The^samplb 
is distilled from a flask having a bulb (preferably coppered) of 
150 to 180 C.C. capacity, a neck about 5 in. long, and a si 3 e-tube 
about the middle of the neck. l\. water-cooled condenser, |8 to 
20 in. long, is used, and a 100 c.c. graduated Cylinder for the 
distillate. The flask and condenser are^, washed with the 
benzol to be tested, and ic» c.c. of benzql introduced. The- 
rate of dijtillation should be 2 drops per secoi>d. When the 
corrected benzol thermoraeter<,chows 90° C. (at 30 in. pressure, 
or ± o-i° for + o-i in. pressure), the apparatus is allowed to cool, 
and the distillate is read off. Any deficiency from icp c.c., y/hen 
fhe residue is added to the distillate, is considered as distillate. 
If the distillate amounts to more than 95 per cent, and the specific 
gravity of the benzol is between 0-880 and 0-890 at 15° C., it may 
be sold without a permit, but \f the distillate is less than 95 per 
cent., a sample must be submitted to the Committee for test. 

Colman (liltl., p. 196; /. Soe. Client. Ind., 1915, p. 168) gives 
a table for assartaining the percentage of pure toluene in 
commercial toluol from the percentages of the fractions boiling 
below 105° and above 117°. ' . ' , 

Charitschkow (Chim. Zentr., i907,'i.,'p. 1738) separates the 
aromatic hydrocarbons b;^ fractionated precipitation from the 
alcoholic solution. ^ 

A special method for the testing of commercial xylol, in 
order to determine the quantity of the three isomeric xyle'hiS and 
of, neutral oils, has been published by Levinstein (/. Soc.'Chem. 

^■Ind, 18S4, p. 77; cf. also seipra, p. 945) based on the behaviour 
of those substances towards nitric acid, concentrated sulphuric 
acid, and fuming oil of vitriol, '^‘his is very important, since 
the'^commercial xylol, although , boiling within two degrees. 
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contains the three isomerS in very different quantity, while only 
oife of them,' metaxylene, is of technical importance. We 
abstain, however, from describing his method in detail (which 
had been done in cfur last edition, pp. 777 and 778}; because not 
merely objections ha^e been mad% as to its accuracy by Reuter 
(Ser., 1884, p. 202S), but Levinstein himself only claims 
"approximate accuracy” for it. * 

The analyses given by Levinstein are also at variance with 
the'•statement by Nolting, Witt, and Forel {Berl. Ber., 1885, 
p. 2068), that they always found at least 25 per cent, para- 
Jt'^lene • in commercial xylol, whilst Levinstein in a dozen 
samples found only from 3 to 10 per c#ntTparaxylene. 

Radzizewjki and'Wfspek {Ber., 1885, p. 1280) state that very 
small^ quantities of paraxylei4(| can be detected in ortho- or 
metaxylene by treating the hydrocarbons with an insufficient 
quantity of bromiqc {e.g., 24 parts bromine ^to 10 parts of 
the hydrocarbons) in that case the paraxylene bromide 
.separates first,, on cooling, in the shape of a pylverulent 
precipitate mclthig at i43°-5. •• 

•Compare also the methods of Reuter and of Crafts, described 
pp. and 944, which are intended for separating the isomers 
in .billk, andSvhich might be thuught of for analytical purposes 
as v?ell. 

Bornsteiii and Kleemann (Ber., ^891, Ref. p. 486) separate 
the isomeric xylenes by converting them into xylidines, 
and utilizing the different behaviour of these towards dry 
sulphur dioxide. 

Weger {Z. angew. diem., 1909, p. 341) doas not consider 
Levinstein^s method to be accurate (which is not claimed by its 
author hynself; vide*' is not aware of any satis¬ 

factory analytical method for the separation of the three 
xylenes.^ , * 

Nqrthall-Laurie (Analyst, xl., pp. 38^-389; J. Soc. diem. 
Ind., 1915, p. 350) describes in detaiUhe estimation of toluene 
in coaiftiercial toluol. • 

Friedel*and Crafts (Comptes rend., {i., p. 1218) descrit^e 
a method for separating ethylbenzene from orthoxylene. • 

A method for separating the two trimethylbensenes (pseudo¬ 
cumene ani mesi ty lene) has beyri described by J acobsen (Ber., i ^76, 
p. 356). It is founded upon cpnverting them into sulphamfdes. 
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separating these by alcohol, and regen'erating the hydrocarbons 
by fuming, hydrochloric acid. Up to the present •. time no 
technical use has been found for this method. 

(/ I 

12 .—Practical Tests in the Laboratory for Final Products 
obtainable on a Larger Scale. 

At one of the largest German aniline works the following 
process is employed for testing commercial benzol:— iPre- 
liminary test —Twenty c.c. pure concentrated sulphuric acid is 
shaken with i c.c. benzol ih a stoppered bottle, and alJow,ed to 
stand for twelve hours, 'fhe colour ou^ht not to be more than 
light yellow. (2) Purification —One thousand <g. benzol is 
shaken with 125 g. concentratedf^ulphuric acid for half an,hour 
in a large drop-funnel. If in the preliminary test the colour 
was strongly yellow, more acid, up to 200^c.c., must, be taken. 
After settling, the acid is drawn off, the benzel shaken up three or 
four times with 200 c.c. water each time, and a^.» three or four • 
times with i per cent, caustic-ioda solution. Now 10 c.c. of'the 
benzol is shaken with successive portions of 0-5 c.c. saturated 
bromine-water, until the benzol retains its yellow colour atWeast 
for two minutes. It is then pOured back to the main portion. 
If more than 1-5 c.c. bromine-water has been used in this test, 
the sulphuric-acid washing should be repeated with another 
50 C.C. of acid, and this again repeated until in the above test 
no more than i or 1-5 c.c. bron^ine-water is used. The washed 
benzol is now dried by occasionally shaking up with fused 
calcium chloride for two hours, and the loss by the purifying 
process is ascertained by weighing it.^ (3) Fractionating — 
The purified benzol is put info dv.? copper retort KrFig. 215, 
placed on a tripod, Jj. The cover is sci;ewed on; it is 
prpvided with an opening for,the thermometer Tj.and the 
Le Bel-Henninger fsictionating-head F. The latter (ifi two 
pieces) consists of 12 bul^s, with platinum-wire gauze in eath, 
and measures up to the side-tube R, 1 n tKe top the t^prmbmeter 
Tj is fixed so that the-bulb is just on a level with the lower part 
' of the side-tube R, which*is connected with a Liebig cooler, L, 

I petr^ long. The distillation is carried on by means of a 
Bunsen burner, in such a manner that two drops fall per second. 
The' cMstillates are collected inrtared receivers and weighed 
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The fractions are made as follows:—(A) fot go per cen(. benzol 
first runnings, up to 79°; benzene, 79° to 85°; intermediate, 
fraction I., 85° to 105°; toluene, 105° to 113°. When 11*3“ has 
been reached, the distillation is interrupted' and the residue 
in the retort is weighed ; {b) for 50/90 'per cent, benzol and 
0/90 per cent, toluol: first runnings, up to 79°; benzene, 79^ 

' to 85°; intermediate^ fraction I., 85° to 105°; toluene, ity" to 
113°; intermediate fraction II., 113° to 133°. At 133° the 
distillation is interrupted, the residue is weighed and jtreated 
with steam, and weighed again as “ residue.” The loss found 
by adding up the residue and all the fractions is “ loss in. distilt 
,• lation.” In reporting'tlrt results, 85 per cent, of tile'first 
runnings is calculated as benzene, 60 per cent, of intermediate 
fraction I. as benzene, and 40 jjfr cent, as toluene. For the 
intermediate fraction II. no fixed proportion has been ascer¬ 
tained. (4) Estimation of aliphatic hydrocarbons .—One hundred 
g. benzol is nitrated {cf. p. 975) with 125 g. splphuric acid (i-84). 
and 125 0^ nitric acid (1-5) at not more than 30° Q The" crude 
nitrobenzol is separated from the acid, neutralised with caustic , 
soda, and distilled with steam until a sample of the distillate 
sinks in water. The distilled oil is separated from-yater^and 
placed in a narrow graduated .cylinder (50 c.c.),'where froth 
15 to 40 c.c. of the above acid mixture is gradually Snd 
carefully added, with occasional shaking, until the volume 
of the oil ceases to dimii^sh. By this treatment any 
unchanged benzene and toluene are dissolved in the acids; 
the aliphatic hydrocarbons float on the top and their volume is 
read off. This .“’s calculated as amounting to 60 per cent of 
the actually present fatty hydrocarbons. This test is'only mad^ 
if there .is reason to expect a-r'tjnewhat large proportion of 
aliphatic hydrocarbons from the result^ of the purifying test 
Claudon and Morin (Ehll. Soc. Ckim., xlviii., p. 804) describe 
a small-scale column-,apparatus (Figs. 216 to 219) forTractiona- 
ting spirit, benzol, etc., whi^h is quite similar to the large-scale 
apparatus, and which I can recommend from platltical 
exyperience. A (Fi^. 216) is a double-ring gas-furnace. 
‘The bottom of boiler B is slightly inclined towards tap M, 
to facilitate emptying. N is a charging hole, with funnel, 0 , 
to.‘fit in. Tube L is a liquor-gaqge; K (of which flje .detafls 
‘ are ihown on a larger scale in*Fig» 217) a pressure-gauge. 
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Column C contains io'plates, like the-sieve.plates of large 
apparatus, ea'sily cleaned ind removed. The innei; cooling-pipe 
I receives water from P, and the warm water runs off at Q. 
The “ analyzer ” *D, with thermometer catches any froth and 
returns it to the oofumn. E is^n ordinary cooler. The over- 
■How vessel F (shown also in Fig, 219) adyits of checking tb“ 



Fig. 216.^ 


specific gravity of the distillate by a Jiydrometer, a, anS of 
taking samples at i. From here^the distillate runs through 
funllef i and pipe a (•Fig. 218) into bottle G. When this is full, 
float c rises and closes the contact / wjJ leading by i k tci an 
electric bell. Rod c (Fig. 217) of the pressure-gaugs K (Figf 
217) slides in a copper collar, b, and is fixed by screw d. When 
the pressure in the boiler, rises above a certain he*ight,*the 

mercury in the gauge rises ^s well, and a platinum wise at the* 

• • • 
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bottom of c comes into contact with an electric bfeli, by 
means of a„g, /, and e. This is only required Wher/e sever^ 
such apparatus are going at the same time. The distillation 
must be carried on slowly at the commelicement, till all 
the plates are filled and the dooling-watet is regulated. 

A paper on the valuation of crude naphtha, etc., has beeff 



published by G. E. Datis (/. Spc. Chem'. r>:d., i88^, p. 654). He 
mentions that the methcU usually employed is to distil a 
quantity (generally iqp c.c.) in a' tubulated glass retort, apd to 
catch the quantity distilling over up to a temperature of 120° C, 
the bulb of the thermometer being immersed the whole fitffle in 
thq bbiling liquid. The article is generally sold on tfte basis of 
•an average yield of 30 per cent at 120“, within a rising 
or Jailing allowance per degree, or every i per cent, within 
prearranged limits. This test h^ nothing to recoftjmend it 
excej^tits simplicity; and if buyers do not receive a sample, so ■ 
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as to judge for themselves, but only an account of the test, they 
may suffer grfeat losses. Crude naphtha is valuable only for the. 
benzene, toluene, and solvent naphtha it contains; but the 
distillation-test t6 120° does not differentiate these products, 
nor does it take aa'f account of*the loss in washing with acid 
&nd alkali. A much better test than the above is;—One 
hundjed c.c^ of the naphtha is distilled in^a 200 c.c. flask, with 
a thermometer arranged so that the bulb is just off the bottom 
oPtheJlask. The distillate is caught in a 100 c.c. graduated 
cylinder, and the yield taken at the following points: ick)”, 
\io°, >20°, 140°, 170°, 200°. The. quantity which has passed 
over at 140° is again distilled, and tjje^ield at 100° and 120° 
noted. [T^is alnfosf exactly agrees with the prescription 
given by me so far back q,s 1867.] All that passes over up 
•to 100° in the second distil^tion is called benzol (B); that 
which passes between 100° and 120" in the second distillation 
• is calleS ‘toluol (J*). Best naphtha (Nj) is tTiat which passes 
betwe'WTizQk in the second and 170° in the first distillation; 
second naphthe^i^^, that caugljt between 170° ancf200° in the 
first distillation; and creosote (C), the balance. The following 


are^omfc^ests made by this method: 



following results:— 



• 


86“ 

9 lf 

95 " 

100' 

110" 120" 

• 

2 

48 

71 

80 

90 • 95 per cent. 

T . 

100“ 

110" 

120" 

130 ’ 

185 " * 


47 

75 

86 

94 

• 96 per cent. 

Ni . . 

180 ' 

140 " 

IW 

160 * 

170 " 180 " 

• 

13 

43 

63 

79 

91 93 per cent. 

Na. . 

leo' 

170 " 

180 "* 

iw* 

200" 

• • 

2 ‘ 

31 

55 * 

74 

87 per cent. 
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The “creosote” crystallized into ‘a solid mass [probably 
naphthalene]. The above shows that the “ benzol ” is only of a 
strength of 8o per cent., the “ toluol ” is nearly a 50 to 90 p^ cent, 
benzol, the naphthas Nj and Njare mixtures of solvent-naphtha 
and light oil. Neither doesHhe just-de*ribed method take 
into account the products eliminated by washing with acii 

I and soda. In a special case 1600 gall, of crude naghtha, 

tested by that method, yielded :— 

J5 B, 23 T, 32 N„ 10 Nj, 10 C. 

After washing there^ remained 1200 gall., which tested 
26 B, 14 T, 24 N„ 9 'N.^, " 27 C, 

When this quantity was worked i/. a still of the best construction • 
it yielded:— 

, f 

348 jrallons 90 per cent, benzol = 23 pel cent. 

,362 „ 50 per cent, benzol = 24 „ ' 

156 „ solvent-naphtha =10 „ ' 

Hence the test would have led one to suppose that rqpch 
more solvent-naphtha [and less ,^o per cent. benzOiJ would hef 
obtained than was actually the case. ” ' 

Davis therefore recommends the following method [which 
practically agrees with the general prescriptions given by 
myself in the first edition'" of this work, pp. 251 and 
252] 

Two hundred^ c.c. of the crude naphtha are agitated with 
20 C.C. concentrated sulphuric acid (rectified oil of vitriol) in a 
stoppered globular separating-funnej^of 306 c.c. capacitj^. After 
agitating well for five ifninutes, allow tG j,ettle and run off the 
acid carefully, so that nothing is lost. (Sometimes two washings 
with 10 C.C. of acid each are preferable to one washing with 20 
c.c.) Now wash twice with 30 c.c. of water, each time running 
off the wash-waters very cafefully, then add 30 c.c. caustii*-*oda 
solution, of sp. gr. I'06 g, and again wash with water. ‘Pour the 
ivas'ned naphtha into a measuring-jar, and determine the per¬ 
centage loss. All is now ready for the distillation. Measure 
off lUo c.li of the washed naphtha, less the percentage*loss, and 
^jlace-ii^a 200 cc. flask fitted with„a delicate thermometer and 
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Glinsky’s or Le Bel-Hefininger’s fractionating tubes (p. 994, or 
any other, preferably Hempel’s glass-bead tube, wliich has been 
shown in Fig. 213, p. 990), connecting it with a Liebig’s 
condenser of thft ordinary pattern. Heat the flask with a 
rose-burner ^Fig.izfld, p. 9 S 9 ), a?>d so regulate the flame that a 
\drop distils over about once in every two^ seconds. Carry the 
distiilationjon until the thermometer has risen to 120°, catching* 
the distillate in a graduated jar. At this point change the 
receivsr, and catch all that comes over up to 170°. The 
^distillate to 120° consists substantially of benzene and toluene; 
’the portion distilling between 120* and 170° is solvent-naphtha, 
the remainder creosote. The “ solvent*’ produced in this small, 
apparatus \vill show tTie firet drop at 125° and 90 per cent, at 
100°, which is usually the qi^lity worked for on the large scale. 
The composition of the distnlate to 120° will vary somewhat 
with evqry sample of crude naphtha operated upon. In Davis’s 
own case'the quag?ities yielded by each analy*sis were collected 
from*1!T&ny examples ; and when mixed and tested jn the usual 
way employed*for po per cent.«and 50 per cent, benzols, showed 
64 per cent, at 100° and 93 per cent, at 120°. Davis states that 
it iji easXi^by means of this method, without any supervision, to 
’run the specified quantities of*90’s and 50’s from the still direct, 
without any fear of mistakes. The following table shows the 
results of the older methods compared with those of the new 
method:— 


Spec. 

gnv. 

Old 

method. 

Improved method 
(p. 999 ). 

Davis’s new method. 

• 

Ji 

' B. 

• 

T. 

• 

N„ 

• 

N.>. ' 

* c. 

-1 
* 43 

go 

Pk" 

ss 

s> IH 

Eh 

Per cent, 
solvent. 

|, 

0-886 

0-9&2 

0-908 

0 -pf 

’4a 

31 

!9 

3a 

• 

a 3 

19 

17 

30 

30 

22 

23 

35 

35 

39 

37 

• 

6 

15 

13 

15 

6 

9 

8. 

15 

1 

13 - 5 , 
18-5 • 
10-5 
16-5 

50 

46 

45 

47 

Per cent. 
60 . 
59 

64 

58 

a 3 

19 

33 

13 

' a? 
36 
3a 
40 


In order to rapidly estimate the quantities of 90 percent, 
and $0 {Jfer cent, benzol anij toluol which can be rutf froA the 
still, Davis has constructed Jhe following tables: — 
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A. Mixtures of 90 per cent benzol with 50/90 per cent, 
benzol. 




'g'8«'8'8'8«|'S'8'S'S'8'8'8'S'8 
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C. Mixtures of 90 perr cent, benzol with commercial toluol. 


90 per cent, 
beoxol. 

Toluol. 

• 

First 

drop. 

Per oont. at 
100’. 

Per cent, at 
106 “. 

Per cent, at 
110”. 

Per cent, 
at 120°. 

0 

IQO 

*03° 

! 

7 

50 

94 

> 5 

95 

102“ 

0 

21 

59 

94' 

10 

90 

lor 

0 

30/ 

66 

94 


.85 

100" 

0 

38 

68 

95 

SO 

80 

97° 

9 

43 

73 

95 

• 25 

75 

95“ 

16 

53 

76 

95 

30 • 

70 

95° 

23 

59 

78 

96 

35 

65 

94" 

43 


80 

96 

40 

60 

93° 

43 

66 

82 

96 

.-ts. 

55 

92“ 

46 • 

71 

85 

97 

50 

50 

91“ 

52 

*72 

86 

97 

55 

45 

• 

58 

' 76 

86 

97 

60 

#40 

91 

• 60 

78 

88 

97 

65 

35 

90“ 


81 

89 

97 

• 70 

30 

89° 

. 

83 

91 

97 

75 

25 

88° 

*75 

85 

91 

98 

80 

20 

87“ 

77 

87 

92 

98 

85 ,• 

, 15 

. 86° 

83 

89 

. 93 

98 

90 

10 

85° 

85 

9t 

94 

dry 


• 5 

84° 

88 

93 

95 

dry 

xoo 

0 

84° 

90 

94 

96. 

dry 


• 


_ *1 _ 





The pecuniary valuation of crude naphtha can be easily made, 
if tfie proper test has been applied. Davis quotes the following 
eAmple. A sample, tested by his new process, yielded :— 

Loss by washing. . . . i8i per cent. 

Distillate to 120°. ... 45 percent. 

_ . t 100° iA)° 

Test of same-— 

71 ^4 


[i.e., 50 per cent, of 90 per cent, and 50 per ce»t. of 50 per cent, 
benzol, atcordmg to j:able A.] 


Distillate to^i;*)'’. 
Test of same 

o 


. 92 ■ 


10 per cent. 


The quantities actually obtained from the still were :— 

90 i*r cent, benzoi 23 per cent, at is. yd., f.o.b. Goole, casks free. 
So per cent, benzol 24 per cent, at is. 4d» 

Solvent . . iO'4 per cent, at 

Tei of solvent I^. 

t 94 , 

Loss by washing, 20 per cent. 
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Deducting 2d. per gall, for barrels, 2d. for carriage, and 
id. for sundries (leakages, super tares, etc.), this leaves at the 
works;— 

90 per cent, benzol 23 gall, at is. 2d. — 322d. 

50 „ „ 24,,, iid.i= 264d. 

Solvent . . 10 „ 4d. =*’ 4od. i 

626 

— = 6id. 
too ^ 

per gallon of crude naphtha, out of which the rectifier will have 
to find (apart from the price of the crude naphtha) vitriol, soda 
or lime, wages, steam, repairs, depreciation, sundry charges, and 
his profit, if there be on*.. , 

Methods of Lunge. —Usually much lesS complicated methods 
than Davis’s are employed for testing crude naphtha for its 
commercial value. The following empirical rules are taken' 
from my own practice, and by means of them the results to be 
expected on the large scale can be very app'rpximatefy 'inferred ■ 
from laboratory distillations, which will take hardlyia qtSTtfter of 
an hour. 1‘hey were elaborateci before fractionJ.ting-bulbs had 
come into use, but they still hold good. 

1st. One hundred c.c. of the oil is distilled from “a.'glass 
retort or fractionating-flask, antf the distillate collieted, (a) uff 
to 140°, ib) from 140° to 170°. On each occasion, just as the 
required temperature is attained, the lamp is withdrawn, and 
the oil contained in the condenser is allowed to drain off before 
the receiver is changed ; this mUkes a difference of several per 
cent Suppose we have got 68 c.c. up to 140° and 86'5 c.c. up 
to 170°,— , 

2nd. The first distillate, in this case 68 c.c., is rectified, and 
that which passes over up to IC 3 ° is collected, allowing the oil 
to drain after removing the lamp. Sujifvise this to be 24 cc. 
This figure, multiplied by 2, gives the quantity of 50 per cent 
benzol to be expected; in this case it is 48 parts from loo parts 
of the crude oil. 

3rd. The product (a) of fne first distillation (up to 146''), in 
this case 68 c.c., less the 50 per cent, benzol found according to 
'j-uld'2, in this case 48 cc., gives the volume of best naphtha, 
*>,,68—48=20. 

^h. The total product of the first distillation up t6 170°, in 
Jtois ;«a^ 865 cc., diminished by 15 per cent fot loss.by 
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purification (washing) arid distillation, and by the quantities of 
per cent, benzol and best naphtha found according to rules 
2 and 3, gives the quantity of burning-naphtha. In this case, 
86-5 —13 = 73-5; •73-5—68 = 5-5 parts for 100 crude naphtha. 
,(A loss of 15^er aeflt. may be ftgarded as a maximum ; with 
tareful work it does not exceed 10 per cen^) 

Sth. The difference is the residue going to creosote oil. • 
Thus in our case we find the following total:— 

48 parts 50 per cent, benzol 
20 „ best naphtha 

5-5 „ burning-nagjitha 

, „ loss • 

11-5 „* creosote oil 

100-0 


If less' volatile^*oiIs have to be tested, 200 or 300 c.c. are 
distillBC* up»to 180°, and the residue is submitted^ to exactly 
the same opeKitions ^nd calculation-rules as have just been 
described. 

JU, til£ present time most tar-di.stillers test their crude 
ba^htha by*means of fractionating-bulbs (Le Bel’s, Hempel’s, 
etl), and thus obtain results very nearly indicating the probable 
yield on a large scale. • 

Spilker (Muspratt’s Chernie, 4th ed., sub. Steinkohlenteer) 
'gives the following prescriptSnis for estimating the yield of 
purified products from the cru 9 e benzol of coke-ovens, or from 
the light oil of tar-distillers, which have stood.the practical test 
very-well* 

I. Titration by ifromine .—Two kg. of the well-mixed sample 
are distilled iij a tarad ‘copper still, hoWing 2| to 3 litres and 
provided w^ith n top-column, 20 cm.long, filled with beads, until 
the Ihermometer fixed in the upper par^ of the column sfiows 
175°. The velocity of the distillation ought to be 8 to 10 c.c. 
per'riTinute. The residue remaining in the still is weighed, and 
calculates as “heavy tar-oil.” The djstillate, after removing 
any water carried over, is once mo»e distilled as befpre. This 
time ,the state of the barometer must be taken Jnto account, 
preferably by employing ^ thermometer with movAle scale, 
fixed immediately before 1^ means of boiling water »(steam)» 
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In this second distillation three fractions are collected in tare^ 
glass bottles^ viz.:— 

Fraction I. up to 105° = crude benzol L 
„ II. 115^= crude toluq). 

„ III. „ 150“ = crude solvenf-naphtha. 

The residue is weighed and added to that obtained ip.the 
first distillation. In every one of the three fractions the loss by 
chemical washing is ascertained as follows, and deducted;— 

Five C.C. of the fraction are pipetted into a stoppered glass 
bottle, holding about 150 e.c., in which beforehand lO c.c.' 
^ dilute sulphuric acid (io per cent. HjSOJ have been placed. 
From a burette so much semi-normal solution of potassium 
bromate-fbromate (containing 40-5835 g._ KBr-f 13-916^ g-. 
KBrOj per litre) is run in, a!} quickly as possible, until 
the bromine set free is no more decolorized by the benzol, and 
this, after shaking for five minutes and stano^g for teft minutes, 
just shows „a reddish-brown colour. The final pointTTJf the 
reaction is recognized Still more accurately by tefflcing out, after 
the time just prescribed, a drop of the benzol by means -of a 
glass rod and placing it on freshly prepared, moist, ^infc-iodide 
paper, where it produces at once a dark blue "spot. For" 
obtaining reliable results, a preliminary test is made in order to 
fix approximately the required quantity of bromine solution. 
From the following two exact tests the average is taken, and 
Calculated as loss by washing? Every cubic centimetre of 
bromine solution, required by the 5 c.c. benzol, in normal cases 
corresponds to a washing loss of i-oo per cent, by weight. 

2. Washing Test .—Two kg. of the sample is distilltJd in the 
copper still as described sub 'No. i. The distillate, after 
removing any water, is placed in a tap-fannel, holding about 
2 ^ litres, and washed twice with, about 10 vol. per cent, of 
caustic-soda solution, f^p. gr. i-i, and then with 10 vol. per 
cent of sulphuric acid, sp. gr. 1-33, always shaking it for five 
minutes.* The aqueous liquids, after settling, are compTeiely 
-remQved. The fraction, thus freed from acid and basic 
Impurities, is twice very vigorously shaken with each time 3 
vol.' per cent sulphuric monohydrate during fifteen minutes, 
allowjed to settle for fifteen minutes, and the acid carefully 
firawn off Thg acid should be added every time in three 
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portions in short intervals. In conclusion, the benzol is washed, 
ffrst with I pfer cent, water and then with caustic-^oda solution, 
up to neutral reaction. The last portions of aqueous liquid are 
removed by poaring the benzol into a copper still, holding 
about 2 litres, and distilling in the same way as the first time 
IJtaking account of the barometric pres^re), collecting the , 
following fractions in tared stoppered glass bottles;— 

Fraction I. up to 105° = 90 per cent, commercial benzol. 

,, II. „ 115''= purified toluol. 

„ 111. „ — solvent-naphtha. 

• • 

Here also the weights of the fraction*, aTter removing the water, , 
indicate the«contcnts of the 2 kg. of raw material employed in 
.coiT^mercial products. • 

The three fractions must ife tested for their reaction against 
sulphuric acid and bromine. If this reactiog does not agree 
with that prescril^d for typical commercial products, another 
test mu?t Wj made, employing more sulphuric ac^I, until the 
demands mad# by the. comme»ce are satisfied. 

• • 

and Carriage of Benzol, Naphtha, etc. 

In a former place (p. 884), we have described the precautions 
which must be taken in the erection of the localities in which 
light tar-oils are to be treated and stored, on account of the 
danger of fires and explosions ^ and to these we must refer in 
this place as well. 

For storing benzol and naphtha, only wrought-iron vessels 
are suitable; they may be of anjj shape and size. Since 
tar-oils Qass through* the joints much more easily than water, 
both as liquid^ and as "vapour, and sirfce their vapours form 
with ai£ readily inflammable,or evhn explosive mixtures, the 
stor^-tanlcs must be constructed with sj^cial care and should 
be protected against any contacj^ with fire. They are put 
togelHer in as large "plates as possible, to lessen the number 
of joints* and these are very carefully riveted and cauljfed. 
Only first-class workmanship will ensure that no e\^poratloi# 
takes place. The tanks are painted outside with gjood tar- 
varnish (p^. 548 et ^^^.),but4)referably not until the jointsnave 
somewhat rusted and have .thus become tighter. Tkey are* 
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provided with a hole for filling them, a manhole, and two ‘ 
taps—one a jittle'above the bottom for the ordinary filling dJ 
the sending-out vessels, the other in the bottom its^l^ for 
occasionally drawing off any water and mud/ The tanks are 
mostly placed on pillars high enough to fift the casks dirfijtly. 
But at some works t;anks placed in the open air, and partially^ 
underground, are preferred, on account of the diminished danger 
of fire. In any case, for the same reason, the benzol storehouse 
should be at some distance from any fireplace; and it ,is beSt 
to employ an open shed for it. Artificial lighting of the 
benzol storehouse is mostly unnecessary; in case of need, this* 
must be done only frofei the outside by means of reflect&rs. 



FlO. 220. 


Hausmann {Qer. P. 90368) describes a suitable kind of 
reservoir for this and similar purposes. The tank B<,Fig. 220, 
has a doijie, D, and a manhole, M. From'-D bratiches^off pipe 
R to a water-vessel K ;tion the other side f. back-pressure valve, 
V, is fixed, which allows ak to get in, but no gas or vapour to 
esQ^pe. When B is Jseing fillet! through A, the aii" 'escapes 
through K, where the vapours are condensed and gases escape., 
If they should take fire, the water-lute prevents it from tbeiiig 
communicated to the inside of B. During the emptythg of the 
tank, air pnters gradually through V. 

• In order prevent tlie formation of explosive mixtures 
ben|ol vipours and air, various inventors (as proposefd first by 
«Bimtfe) prescribe displacing the ajr in the storage vessels by 
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carbon dioxide or gases containing a large proportion of this, 
bfartini asid Hiincke (Ger. Ps. 146161, 149086, I50?i2, 151730) 
keep ?)enzin, etc., in underground reservoirs under the 
protection of non-bxidizing gases, so that there is no possibility 
of forming explosive mixtures ofihe hydrocarbon vapours with 
Amospheric oxygen. These gases also serle for transporting 
the liquid w^hout a pump, etc., to the running-off valves. All 
the conduits, fittings, and valves are surrounded by jackets, and 
the annular spaces thus formed are connected with the 
reservoirs, so that the gaseous pressure existing in these is 
(fcntinued up to the running-off vdlves. A plant constructed 
on this principle, mounted in the Spree harbour at Berlin, 



» 

comprises 36 store tanks with a total capacity of 1,000,000 
litres, placed 3 ft. underground. Cf. Roseirthal, Z. angew. 
Chem., 1911, p. 289. ^ 

Other,safety apparatus for Easily inflammable liquids have 
been constructejd by Mund (Ger. P. 14^927). 

The J^ktien-Gesellschaft fur Anilinfabrikation at BerHn, 
according to Chem. Ind., 1902, p. 491, has provided its bensol 
tanks with the safety arrangement^ shown in Fig. 221, which 
seems ?o be very efficient for its purpose. The tank a is by means 
of a pipe 'connected with vessel b, which, is shown on a larger 
scale in Fig. 222. b is divided into two chambers by a4)artition 
not reaching quite to the bottom, the opening being luted, by 
g^lycerine.* One chamber of» b is connected with «, the other 
fchamber with the outer air by means of pipe c yith the cap d. 
■ ■ 5 s 
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The latter is filled tightly with thin tods of iron, in order to' 
prevent any, flame of benzol vapours, burning at its ^op, frofc 
getting back into a. 

In this connection the proposals made of issuing Rules of 
Safety for establishments usisg benzin petroleum spirits) 
for cleaning purpoi;es, published in Chem. Ind., 1902, p. 360", 
are of some interest; also the , paper of Effenberger, ,,in J. 
Gasbeleucht., 1906, p. 689. 

Some proposals aim at preventing explosions of stpre- and 
carriage-tanks for benzol, benzin, spirits of wine, etc., by 
providing the vessels with safety-valves of special constructions) 
To these belong the ‘apparatus “Hofmann,” inventecl 6y F. 
Schmitt, and sold by the Fabrik explosionssicherei; Gefasse. 

Other proposals are made fey making benzole uninflam¬ 
mable, e.g., for chemical-cleaning#purposes, by certain addifions.- 
Lyndall and Costley-White (B. P. 16756,1904) recommend for 
this purpose th*e addition of carbon tetfichloridei df which,- 
however, too much is required to entirely remove therftiflam-. 
mability, according to several pbserver^ / 

Dilette and Talabot (Fr. P. 341927) mix benzol with 15 per 
cent, carbon tetrachloride, in order to make it uninflaniiap-tile. 

Devinet {Chem. Zeit., iv., p. ;?19) asserts that the addition eff 
\ volume of carbon tetrachloride makes benzol uninflammalale 
in storing and using as a /ietergent. Pfister (Z. angew. Chem,., 
1905, p. 1786) states that twice the volume of carbon tetra¬ 
chloride of that of benzin is ree^uired for this purpose. 

Barboni (Fr. P. 350313; B. P. 1202, of 1905) makes benzol 
uninflammable ,by chlorinating with addition of carbon 
disulphide and iodine, and subsequent distilla^iion over 
brimstope. [This proposal is> anyhow '’not ajSplicable to tar 
benzol.] «■ “ f 

H. Hoffmann, Apparafebau-Ges. ra. b. H., Frankfort (B. P- 
1^128, of 1914), causes the air, which enters the storage 
vessel to replace the liquid withdrawn, to bubble through a 
small chamber filled with'the inflammable liquid, wheltby it 
becomes saturated With the vapour to such a degfte that a 
anph-explosive'raixture is formed. When the storage vessel is 
bejng filled ,^with inflammable liquid, the air which is expelled 
escapes Without-passing through tlje saturator. " 

TTig carriage of benzol is best effected in iron tank-wagons 
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■or iron casks. Formenly, but nowadays only exc^tionally, 
wooden casks were employed, c.g., spirit-puncheons, which for 
this purpose must be made tighter by washing with a thin, hot 
solution of gluOj like petroleum barrels. The glue may be 
ordinary animal glu% or, accordiijg to Graefe (“ Braunkohlenteer- 
Jndustrie,”p.»96), flic so-called “natural gum^’ which is a product 
obtained from molasses; or else glue hardened by chrome. 
The*casks*are first steamed out; then i or 2 litres of glue 
selution are ,run in; the casks are moved about so that their 
inside fs evenly wetted, and the excess of glue solution is run 
jfaut. Before use, the casks are drjed by prolonged keeping in 
a warnj place, or blowing in of hot air.# After drying they are 
filled with benzol, IpaWng an empty space of 2 in. in the winter 
season, or ^ to 4 in. in summer, in order to allow for the 
•expansion of the benzol by Sijher temperatures during transit. 
This precaution must also be taken in the case of iron vessels. 

Forrfbe momentery stoppage of leaks, soap'can be employed 
whict-isino^ acted* upon by naphtha ; but it does not stand any 
considerable pressure. Glue, too, is not acted upon. 

For moving aboth benzol, in the factories, compressed 
air is ^;e^y much in use as a matter of course. Explosions 
ha^e* oCturrfjd in this process which are attributed by some 
td* the formation of electric sparks; but it is more likely 
that the formation of iron sulphide from the sulphur 
compounds in crude benzol gives rise to such an elevation 
of temperature that benzol, toliiol, and even higher homologues 
are inflamed. {Cf. Oehler, Chmn. Zeit., xxviii., p. 1133 ; Roesler, 
ibid.,^. 1237; Ernst, ibid.,^. 1201 ; Rasch, Chem. Centr., 1905, 
ii., p. io?6.) In consequence of this, it is stated by Klocke 
(C/im. Z«V., xxix., pi 735) thai ™any factories have^given up 
the use ®of compressed#air for moving,about the tar-oils, but 
this is not necSssary,*! instead of common air, gases with about 
12 or i?per cent. COj (chimitey gases) are employed. 

^5« apparatus for automatically and safely filling casks, etc., 
withienzol, etc., constructed by P. ^zhnorrenberg, is sold by the 
DeutschrWassergas-Beleuchtungs-Gesellschaft in Berlin. It is 

worked by water under high pressure, ^'hich forces the bfnzoi 
through a closed vessel, containing a float, so regulafed that it 
is not lijted up by the benzol, but by the specifically hAvier 
water. When this takes ^lace, the float is pressed^ tightljfc 
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against a valve, thus automatically closing the communication 
between the store vessels and the transportation cask. 


Applications of Benzol and Naph'tha. 

By far the great^jt part of the various commercial benzolsT 
(from “ 90 per cent, benzol ” downwards) is used in the nj^nu- 
facture of aniline colours, mostly in the shape of amido- and 
hydroxy-derivates, as well as in that of pure benzene, t^oluene, 
and xylenes, and of sulphonic acids. The designation “ aniline 
colours ” must, of course, be taken in the widest sense, comprising*' 
a vast number of synth^ically produced organic co)oJring 
matters. More recently, but also to a vist'extent,^ the benzols 
serve as the first raw material for fhe manufacture of artificial 
scents, sweetening matters, mediciml preparations, explosives, ^nd • 
photographic articles. 

We cannot in this book enter upon 'chis vast'fiEld, but • 
we will now discuss the application of benzols, etc., Jto’Other ■ 
than the just-named purposes, sp. far as, this har not yet been 
done in previous chapters, more particularly those of recent 
date which possess special importance for the firture ^ j;,he 
industry of benzols. , 

As solvents, benzols have been used from the very first ‘of 
their technical extraction. ^We have, on pp. 919 et seq., spoken 
of the preparation of “solvent naphtha,” which has received 
this name just dn account ofii this property. Probably the 
oldest of these applications iS' that introduced by Macintosh 
in the manufactvre of indiarubber goods. In this, as well as 
in most other cases where benzol and its homolognes serve 
as solver^lts, it would be too expensive, 'and solnetimes even 
objectionable on account of too gteit .volatility, to employ 
products consisting mainly* of benzene and toluene, such as 
iorj^ the staple article ,required for colour-making. Hence the 
cheaper products distilling at a somewhat higher temperature, 
and essentially consisting of the three <xylenes, along® with * 
some trimethyl-benzenes, etc., are specially collected "knd sold 
, us “solve^jt-naphtha.” 

‘ We have ,seen on p. 920 what are the special requirements 
of Ebglisb indiarubber manufacturers, whose process has, been 
, described by Kniess (Dingl polyt, cxxxviii., p. 442). Since it 
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now pays to extract the'xylenes for the manufacture of colours, 
tie soWent-riaphtha is of different quality to jvhat it used 
to be,“and such naphtha is hardly so valuable for indiarubber 
manufacture as the old article ( /. Soc. Chem. Ind., 1884, pp. 81 
and 82). Heeren ^ingl.polyt.*]., ccxxi., p. 391) gave a table 
of the solubilities of different descriptio]»s of indiarubber in 
“betV’.ol,” which shows variations of from 6 to 25 parts of 
indiarubber to 100 of “benzol.” But whether he means pure 
benzene, or commercial benzol, or solvent-naphtha, does not 
appear. 

* According to Frank and Markwald {Gummi-Zeit., 1903, 
No. 36) the tar-oils employed for di6s(flving indiarubber ought. 
to consist (jf the iylol fractions, which yield 90 per cent, on 
.boiling between 130” and 1^0° or 160°. Still better than this 
is tbe xylol itself They must not possess a stinging odour. 

According to the same authors, commer(jial 90 per cent. 

■ benzol can advaflAgeously replace carbon disulphide in the 

• “ col 3 vSlcdhization ” of indiarubber. This has l^en carded 
out in most British indferubber»works. According to informa¬ 
tion received by them, in Manchester from' 6 to 8 tons benzol 
are, apjiiSd to this purpose. In Germany the employment 
of^carbon ^disulphide is still v«ry common.' 

' * To this class of uses of benzol belong also the German 
patent. No. 124973, of Thornton ^nd Rothwell for making 
tissues, paper, etc., water-tight by treating-with a solution of 
the salts of zinc with fatty or fesinous acids in benzol. Quite 
on the same lines are the “German patents. No. 127582, of 
Baswitz, and No. 129450, of Serbowski. 

Benz(»l is also largely used as a solvent in the manufacture 
of colour^. OT the greatest Importance is its pr»-eminent 
.dissolvirtg-power iortjntty matters, upfcn which is based its 
extensijje employment as a ditergemt; but petroleum “benzin” 
or ‘^benzoline ” largely competes with coal-tar benzol in 'iius 
respect. 

A'good domestic detergent consists of a mixture of 25 parts 
benzol, * ether, and 5 absolute alcoiiol. A detergent^ for 
removing fat-, tar-, resin-, wax-, and acid-spots from, all kind# 
of fabrics is prepared by adding 10 parts of benzoito^ioo garts 
of 95 percent, alcohol, and g5 parts of liquor “ammonise of sp. 
\gr. 0-875. “ Benzol-magnesia ” (that is, burnt ti^^gnesias soaketf 
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with benzol) is excellent for removing grease-spot? from fabrio?,. 
ivory, etc. ' " „ 

Herzfeld and Beer (Ger. P. 101414) find that an addition of 
8 or 10 per cent, benzol increases the solv,ent power of 96 per 
cent, spirit of wine for petroleum from 10 or' 12 per cent, to 29, 
per cent., and a fuither addition of 4 per cent, naphthalene 
brings up the solubility to 23 or 24 per cent. ■ r>' . 

Freyfs (CJtem. Zeit., 1903, p. 1137) reports on the application 
of benzol, in lieu of petroleum spirit, as a detergent; in the 
Bull. Soc. Ind. Mulhouse. He states it as an advantage of benzol 
over petroleum benzin ,fhat "^it is not electrically excitafcle, but 
as a drawback that it is injurious to the h?a\th of the workmen. 

According to Russig (Chemisclie Zeitsckrift, iil., p. 780), in 
France large quantities of solvefit-naphtha, boiling from 90° 
to 160°, are used as detergenfs in lieu of petroleum spirit, 
which is weighted by a high duty. ^ 

Benzol is largely used for extracting ftt from t^neg and 
seeds, whew it does one and a half times the service of petroleum 
spirit, but in the extraction oT'seeds It has t?ne drawback pf 
taking up too much colouring matter at the same_ti/ne.’ 

Fr. Frank {Chem. Ind., 1901, p. 266) found^, thaft^’eTizoJ 
dissolved from dry bones withii'i an hour 9 per cent, fat, wfcile 
petroleum benzin in the same apparatus and during the same 
time took up only 6 per ce'nt. This is confirmed by Mennicke 
{Chem. Zeit., 1900, pp. 917 and,923). 

In the manufacture of lac^vamishes, technical benzol is 
employed both as a solvent for cheap iron lacs, and as an 
addition to spirfl-lacs which thereby acquire a greater value 
in several respects. More particularly thf qualify, wffich yields 
90 per c£nt. on boiling up to 175°, haf found employment for 
the preparation of very ,fine lac-varnishes, iir lieu of oil'’of 
turpentine. For this purpose it must be well washed, and 
psSsess no disagreeatfie smell. It is also used for photographic 
purposes. • ’ „ 

According to Guttmann, Herzfeld, and* Beer (Ger. J*. 101414) 
thci, solvent-power of 90 per cent, spirit of wine for petroleum 
*can be raised by 12 to 20 per cent, by the addition of 8 to 10 
, peyecent^ b6nz^. By adding, in addition to that, 4^per c^, 
of?, naphthalene, tl^ solvent-powei' can be raised to 23 to 
‘per ce£t 
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Duran (Ger. P. 289S05) employs benzol as a solvent in the 
ltianufv:turtf of briquettes (patent fuel). 

B&nzol also dissolves very easily alkaloids, rosins, and 
asphalte, and is ttherefore employed for extracting or purifying 
these matters. .Its applicatio* for pickling timber has been 
mentioned %pra (by the process of Krojaj^ker), p. 689. 

_penzenoid hydrocarbons have turned out to be eminently, 
suitable as solvents for the removal of the naphthalene contained 
'in coql-gas, which causes very awkward obtrusions in the 
service-pipes, as first proposed by Bunte and Eitner {Chem. 
Zeit., ligg. Rep. pp. 53 and 216 ; supra, p. 823), and recommended 
by*Breitkopf (/. Gasbeleucht., i^9f p. 671). According to 
Schafer [E^nrich^n^ undSelrieb eines Gaswerks, pp. 403 et seqi^, 
the most suitable oils arg commercial benzol No. IV. (crude 
xylol), or the two solvent*naphthas, 1 . and II., which have 
a proipinent solvent-power for naphthalene and distil over 
betweSn'125° am# 180°. This process consists in embodying 
wifli tte coal-gas the vapours of such hydrocarbons which 
condense at (the saqje temperature as naphthalene, and at 
th& same time possess a strong solvent-power for it. The 
ctm^gjcylol should be condensed again for the most part when * 
the gas tijols down; it shoijld not contain any more volatile 
'substances which would carburate the gas and cause trouble 
by the deposition of soot on the glowing substances. Accord¬ 
ing to Schafer, the addition of xylol vapour is made before 
the cooling of the gas by nfcans of an apparatus of just the 
same construction as those’used for carburetting the gas by 
means of benzol (see below, p. 1021). Thg quantity of xylols 
require is 20 g. per cubic metre of gas, 100 g. crude xylol; 
dissolve 21 g. naphthalene afi>o°. The xylol,//w tlje dissolvecf 
naphtlfelene, condejsSs in the nearest hydraulic pot, and can 
be recovered by distillation. F(»r the just-described process, 
thf Deutsche Continental (Jas-Gesellscjiaft, of Dessau, hajcon- 
structed an appar^us mounted on wheels; and so have \^hl- 
GuStrdw (/. Gasbeleucht., 1901, *p. 533), and Lubke (Ger. P. 
21708^, of 1907). 

Use of .Benzol for Denaturing Spirits. —Benzo^ is t(J so«ie 
extent soluble in spirit of wine of 86 volume pe^ cent., and has 
hence t)een proposed for^denaturing spirit,•especially (br the 
manufacture of varnishes. • On diluting with water, rqptt of the 
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benzol separates, but the spirit retakis' its smell and taste.' 
According to Kraemer, an .addition of o-i per cent, gyridin# 
bases is advantageous. In Switzerland solvent-naphtha iS used 
for this purpose (Lunge, Z. angew. Chem., iSpq, pp. 71 and 262). 
Cf. also the patent of Herzfeld gnd Beer (p. <^014). This process 
has been adopted in several countries. 

According to tests made in the Technische ..Reichsanstalt 
{Mitt., 1886, p. ii) equal volumes of yellow heaVy naphtha 
(sp. gr. at 15° 0-887, boiling from 163° to 195°) and po pef 
cent, alcohol yield a milky liquid, keeping most of the oil in 
solution and not becoming cle^ir even on adding a great quantity r. 
of absolute alcohol. On A'actionating the mixture, it was^hbwn 
'that the solubility in alcohol decreases'"with the rise of the 
boiling-points. 

Kraemer {Chem. Ind., 1899, p. ,31) contends that a mixture 
of equal portions of petroleum and 90 per cent, benzol, which 
dissolves even in‘94 alcohol in all {.roportions,'should 

be permitted to serve as denaturing agent underr thr- usual 
precautions Sgainst abuse. Not^ Jess than 10 p^r cent, of this 
agent should be added to the spirit, which would prevent its 
being used for illegal purposes, and it would be the ‘chetCp^t' 
pos.sible agent for denaturing. , ’ • 

A decree of the German Imperial Governments of 8tfi' 
August 1S99, prescribed for the denaturation of spirits, an 
addition of 2 per cent, benzol, -1 per cent, methyl alcohol, 
and I per cent, pyridine base» The benzol used for this 
purpose should fulfil the followmg conditions:—Ten c.c. of 
benzol is shaken in a cylinder divided in tenths of a cubic 
centimetre with 10 c.c. of water. After five minutes thg upper 
■layer (of benzol) should occupy a^ least 9-5 c.c. On distilling 
100 c.c. benzol in the wqy prescribed fon wood-spirits, ns more 
than I c.c. should pass over, up to 80°, and up to'100° no more 
thanp4 per cent, and no less than 96 per cent. If the barometer 
dur^fig the distillation is*'not at 760 mm., 0-45° should be adJed 
to the just-named temperatifres for every ,10 mm. above *760 
mm., or deducted for every 10 mm. below the temperatxA*es. If 
5 ^.c. of the benzol is shaken up in a stoppered bottle with 5 c.a 
pyre concentrated sulphuric acid during five minutes, and then 
allowpd to i^st,‘'the>colour of the lower stratum after two minutes’ 
rest shoald not be darker than that qf a solution of o-S g. pure 
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potassium bichromate in i litre of 50 per cent, sulphuric acid. 
The sn^ll of-the alcohol denatured in this way is less disagree¬ 
able than that' prepared in the old way, and it fs superior to 
this for lighting, and polishing, but when burned in unsuitable 
burners it yields ^ little soot. S.enaturation is not possible. 

A new fule (of Oct. 1902) allows to ^mploy only half of 
the otherwise necessary proportion of denaturing mixture of 
pyridine btises {cf. p. 903), if to 100 litres of alcohol 2 to 20 
ntres of benzol is added together with J litre of a solution 
of crystal violet. The benzol used for this purpose, on 
(distillation, should not yield more than i per cent, at 77° and 
not'leSs than 90 per cent, at 100°.# The smell of spirits 
denatured in this way is l^s unpleasant than that denatured in* 
the old fashion, and it is better adapted for lighting and 
polishing purposes, but it j^urns with a rather sooty flame 
when using imperfect lamps. 

Acctjttiing to *the “ Vierteljahrshefte ztir Statistik des 
Deiftscl^n •ReichV the following quantities of benzol (sp.gr. 
0-S8) have b^n use<J in Gpjmany for denaturing spirit of 
wine: 129,332 litres (i 14 tons) in 1909; 124,070 litres (109 tons) 
in*129,297 litres (11375 tons) in 1911. 

Use of Benzols for Illuminating Purposes. 

This use dates back to tke first times of distilling coal-tar, 
and it has in recent years #nade very important progress. 
It extends in two directions, viz., in the employment of 
benzols, especially those boiling at higher^ temperatures, as 
a direct,illuminant, and in that of employing the more volatile 
fractions for improving the illivninative power of other liquid or 
gaseousftrubstances. • , 

(a) Direct 'Use as Illuminant. •- The highest-boiling oils 
obtain^ by the steam rectification, if the^ cknnot be worked 
in with solvent-naphtha, are sold as burning-naphtha. C^- 
tar naphtha, whethfr pure or mfxed with petroleum spirit, 
is not Sdapted for burning in ordinary lamps or at all in 
closed rooms, but merely for special lamps, without wiA 0$ 
chimney, which burn well even in strong wind |inJ rain, and 
hence serffe for lighting factories, courtyards^ bootls at*fairs, 
etc,, in lieu of gas. Good iiaphtha, no doubt, gives a yery fin# 
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white light. Figs. 223 and 224 show' a suitable lamp for th|s 
purpose (Hcjlliday’s patent). Fig. 223 is the lamp Itself, on a ^ 
scale of I : 12; Fig. 224, the burner, on a scale of i; 2. <5 is the 
reservoir for naphtha, from which a thin tube b leads down¬ 
wards ; the cock c regulates the outflow ;*th3 tube b is almost, 
entirely filled up by a round wick which extends nearly to the 
burner, and the sole purpose of which is to make the outflow of 
the naphtha gradual. The hook d serves for hanging up the 
lamp. In the burner we notice the lateral tube e, communi- 



Fig. 223. Fig. 224. 


eating with b, and introducing the naphtha. This flows down¬ 
wards ill the narrow channel /, which *is closdd by^the thin 
screw g, the channel h< being closed b^ The naplftha must 
rise from A in the fine centra'! channel, leading to a hole^, across 
the'burner. Here it would run off if the burner had not 
^viously heated sufficiently to evaporate it at once. The ; 
vapour mixed with the air entering at rises in the cflntral 
channel /, issues through the holes in the burner-head', and, on . 
2 )ein^ lighted, produces a star-shaped flame. The draught gener- 
■ afed by tliis,^ suffices for preventing the naphtha-vapour fro®: 
issaffig into the^open air instead into the channel J. The 
4Crhw*i5f, permits regulating the corifice of the fine chapue^: 
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pdyreen h and k. riere also a small cup may be fixed for 
some^mphtba .to be lighted in order to effect the first heating of 
the burner, the tap c being then closed. Otherwise the burner- 
head is put into^ fire till it is warm enough. When this is the 
case, the tap c is opened, the Vapour issuing out of the holes 
m is lighted, and the size of the flame r(^ulated by c. Once 
lighted, tl^e burner always remains warm enough. 

, When burning-naphtha can be sold in quantity, it is advis¬ 
able to mix it with petroleum spirit^ which in this case is an 
improvement, and especially tends to keep it colourless. The 
petroleum spirit can be pumped into the still after the solvent 
naptha has come over, and can,b^ distilled along with the 
burning-nJiphtha.* Care siiould be taken that about equal parts 
of coal-naphtha and petrqjeum-spirit distil together; the smell 
of the latter will then be imperceptible. Or else the petroleum 
spirit ie mixed with the naphtha after distillation. The best 
descriptions of ppftoleum-spirit for this purpose are those which 
give oft vSry little below but nearly the who]p up to 170°. 

Since that recovery of banzol from coke-oven gases has 
immensely Increased the available quantity of this article, it is 
tout'se a most momentous question for the tar-distillers to 
find fresl» Outlets for it; and rfhere are prospects^ for employing 
benzol as an illuminant, to replace petroleum at least partially. 
Kraemer {Chem. Ind., 1899, p. 32) finds that a mixture of 3 parts 
benzol, 4 petroleum, and 6 ^6 per cent, spirit of wine answers 
Very well for incandescent ISnps. The mixture has the same 
illuminating-power as petroleum itself, but 20 per cent, more is 
consumed of it than of pure petroleum. .Russian petroleum 
serves feven better than American for this mixture, which at 
the pijfsent‘prices of benzol* and spirit would alreafly pay, buf 
woulcrte mqre ren|uSerative if the pvice of petroleum were to 
be rai^d to any considerable extent. The mixture proposed 
by Kraemer {Mitt. Gewerbefleiss, 1897, p. 90) solidifies ofi|v at 
—17°; by a consumption of 58 tg 61 g. it gives a light equate 
17^0 19 standard candles when used in an ordinary flat burner. 
Cf. also Honigsberger {Z. angew. Chem., 1909, p. 672). 

Bcy'ling {Gluckauf, 3rd Feb. 1915) employs for ipiners** lanfps 
a mixture of 25 parts purified 90 per cent, benzpl with parts 
9S pef cent, spirit (alcolwl). If less than *2 5 parts benzol is 
’.iised^t^e lighting-power fe not sufficient; myre that*25 parts 
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does not essentially improve it, and at '30 parts the formation 
of soot and tl^e incrustation of the lamp-wick are very a^^kwarcf 
The illuminating.power of this mixture is about three-f6urths 
of that of the ordinary petroleum spirit; its behaviour in the 
presence of fire-damp is just the same, or ‘rather better. The 
benzol lamp is already in use in a number of coa'l-pits. The 1 
lamps must be cleaned after every shift. 

According to Frank (/. Gasbeleucht., 1902, pp. 9 et seq.) a 
mixture of 47 volumes of “technical benzol” (consis^'ng of 
about 95 benzene-h 5 toluene, and yielding at least 90 per cent. 
up to 90° C.) with IS volumes fiolvent naphtha (yielding 90 per ' 
cent up to 175°) and 38 vi?'uq;ies spirit of wine (94 per cent; which 
'solidifies only at — 17° C., is very wel.' adajlited for stjeet lamps. 
If burnt in an ordinary flat burner, 50 to 61 g. per hour are 
required for an illuminating power,of 17 to 19 candles per hd'ur. 

“Carbosprit” is a mixture of 40 spirit of wine \yith 60 
benzol, employed* for Incandescent lamps 1 // W. v. trfobloch 
(/. Gasbeleucht,, 1902, p. 194). 

Plehn (Ger. P. 156988) makqs an illyminatirig liquid from 
70 to 95 volumes of 90 per cent spirit of wine-f 5 to 30 volumes 
'■ of purified “solvent-naphtha,” boiling, between 160° to 1,2,d° (^1. 
This mixture burns in an ordinary lamp, provided'vith a wic|c.' 
without any coat, and is to be used in the place of-petroleum. 

The firm Denayrouze hjis constructed an elegant benzol 
lamp for use in dwelling-rooms, equal to any lamp for petroleum 
spirit It is stated that 5 g. of the benzol, called “ lusol ” by that 
firm, suffices for i candle-hour. 

Benzol is also uspd as an addition to “ solidified spirit of wine ” 
for heating and lighting purposes {Pharm. Zeit., 1902, pt3l8). 

' W. van der Heyden (Ger. P. 176366) solHilifies benzol (as well 
as petroleum or petroleupi benzin) by miklijig it with glfl^made 
into a jelly or dissolved in waiter, and drying or hardening the 
glue by formaldehyde. ^ 

fi’^rhe benzol lamp of Fernholz is supplied by the Fernholz- 
Licht-Gesellschaft at Schenkendorf-Konigswusterhausen “for 
lighting up to 3000 candle powers. The benzol is gasified 
ate an'air-pressure of 2 or 3, atmospheres, either at .a central 
station or separately for each lamp. Pure toluene (which 
has At advantage! of resisting solidjfication in cold weather) 
eag be ii^d- for it without any difficulty (Schreiber, Kokerei- 
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mdustrie Niederschlesierts, I9ii,p.48). Ii>a Fernholz apparatus 
ol' 150C4 candle power, mounted in a factory yafd, benzol is 
submitted in a 30-litre vessel to a pressure of 2 to 3 atmos¬ 
pheres by means of a hand-pump, and this mixture of air 
and benzol is supplied through a flexible copper tube to a 
5amp, placefl high up, where it issues threugh a small orifice 
intg^he suspended burner, and at the same time aspirates the 
air for combustion, heated outside. By the thus produced high 
temperjiture a suspended glow-cylinder (Gliihstrumpt) which is 
.protected by a bell-^r against the outside weather, is made to 
(give cut a "strong light The Uirner can be regulated from 
beloV* For 1500 candle power it^coasumes per hour 0-4 kg. 
benzol. These lartipS, whish are especially adapted for lighting* 
factory yards, workshops, j-ailway stations, etc., are supplied 
forbutside lighting at the jyice of for inside lighting at 
£2 to £^ per lamp. 

Rec^iftly the AiAogen Werke fiir autogene Schweissmethoden 
sell? a •(Suspended benzol lamp by the name of “Oxybenz- 
Lampe,” whiclj is claigied to.ljave certain advantages against 
the •Fernholz Lamp. It consumes for 100 Hefner candles 
fr^*i,gDto 200 g. benzol per hour. 

'.^'(b) Catlmretting Gas by J'ar-oils.—Of much greater im¬ 
portance than the direct use of benzol for lighting purposes 
is the use of tar-oils for increasing the illuminating-power of 
ordinary coal-gas, by what 'has been styled “ carburetting.” 
Almost from the beginning ofcthe coal-gas industry, inventors 
have been engaged in discbvering a means of enriching it, 
by mixing it. with the vapours of subst^ces possessing a 
higher iiluminating-power. 

A numbef of yeSrs ago the illuminating-power ^f gas was 
its oitly^andard of ^afce; the carburation of gas then played a 
very great part, and consumed large quantities of benzol, which 
is most' easily employed for this pujrpose. But since* the 
enormous progress made by incandescent light (WelsbaSfe 
marttles and their imitations), the carburation by benzol is less 
importrflit. Water-gas, which is not an illuminant at all, gives 
per beat-unit a much higher efficiejicy Vith a Welsbach rflantjp 
than ordinary coal-gas, and this again a higher |fficiency than 
oil-gas ^priv. comm, by Dr^Bueb). 

^ The subject of carburetting gas has been extensive{y*treated 
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by Letheby,' Solomons,®. Bunte,® Rias,‘ Stenhouse,® Irwin/ 
Bueb,® and Rau.® , We must refer the reader to these papei 4 , 
and to those' which have appeared afterwards ih such niitibers 
that we must abstain from going further into tj|iem. 

Dr Letheby’s specificatior^, which w»s ^adopted by the 
London lighting ai^thorities (p. 918), must yield a prodilctj 
essentially consisting of xylene. He did not assume this to act 
better than benzene or toluene; but he selected that product 
because it was at that time not employed at colour-works, and 
consequently was lower in price. By Knublauch’s investigations 
{Berl. Ber., 1881, p. 240) it Ijas been ascertained that, iji fact,',, 
benzene, for equal weigj:\ts, imparts the greatest illumffiating- 
‘power to gas, and that tiie higher homologues act only in 
proportion to their molecules, only the carbon of {he benzene 
nucleus being set free in a lumino’us form, whilst that of'the 
methyl groups is burned directly fo carbon dioxide. Formerly 
it seemed out of the question to employ^ benzene littelf for 
carburetting either coal-gas or air (although the frs)f person 
who manufactured benzene on an industrial scale, Mansfield, 
had the latter object in view), as' the higfi value of .benzene, was 
an impediment to such an employment; but at the rfttent 
prices, benzene is quite cheap enough for this purpqsg. ” 

It is well known that gas, when being passed in a continuous 
stream through a liquid containing several volatile substances 
of different boiling-points, will in^the first instance carry away 
a larger quantity of the more yplatile portions, and that the 
composition of the remaining liquid must consequently undergo 
constant changes. This is a drawback to all carburetting liquids, 
but much less liquid approaching pure benzene, such as 
commercial 90 per cent, benzol, ^s they are all such compound 
substanceb. Thus carburetting naphtha made acce^Ajiag to 
Letheby’s specification, in experiments nfade by G. E. DaviS 
{j. ^oc, Chem. Ind., 1886, p. 4)' yielded at first 3^^ gall 
^f^the lighter oils to lo.ooo cub. ft. of gas, but £fter a tSme 
scarcely anything was i'affcrized, and the boiling-poiate of 

■ Chem. News, xi., p. 276, > /, Casbeleucht., 1892, pi 5. 

/ 1^93, p. 442, < ‘ y&'i, 1894, p. I. 

• /, See. Chem. Ind., 1895, p. 435. » Hid., 1895, p. 546. 

UX, angmi. Chem., 1895, p. 622. 

* l>it. Aufb*sstrungdesLeuchigeues nUtSetuol, irded. 
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the remaining naphtha were much higher. Exactly the 
Jhhle tiling -occurred with 50/90 per cent, benzol, and even 
with fo per cent, benzol (which under similar circumstances 
yielded about gall, to 10,000 cub. ft. of gas). The same 
happens with gjisoJine and (4her mixtures of fatty hydro- 
'carbons. The irregular evaporation of tjje fluid is a serious 
drawback in the case of all mixed liquids, but it would not apply 
to a unifcfrm substance like naphthalene. Davis found that 
the residual fluids contained in absolute quantities more of the 
higher-boiling hydrocarbons than originally ; evidently the gas 
took pp the benzene by prefei^nce, and deposited its own 
hyd^oC&rbons of lower vapour-tensior\*in the carburetting-fluid, 
thus making it sthl more ynsuited Tor enriching the gas. 

The carTsuration takes glace either at the burner itself or at 
the*gas-works. In the former case it is troublesome to con¬ 
stantly replenish the reservoirs with the carburetting-liquid. 
There 4 s Aather les« trouble in this respect, biTt more in others, 
in 4 he^ast of naphthalene, as described, p. 847. The appar¬ 
ently easier pl^n of C|rburet 1 jng at the gas-work? involves the 
necessity o£ so treating the mixture that the gas may not 
dej^sife the carburetting-substances on its way through the 
•jiStwork gf.plpes. The American water gas-works therefore 
‘^.^’’the carbon of the hydrocarbon vapours mixed with the 
water-gas by passing the mixture through red-hot retorts, or 
in some similar manner. In<his process, no doubt pyrogenetic 
changes are effected similar ^o those described, pp. 185 et seq. 
When carburetting gas with»low-boiling benzol, such “ fixing ” 
is not necessary; the methane present in^the gas seems to 
render ^le benzene-vapour more stable as such. 

The quantity o^ benzol inquired for carburetting coal-gas* 

diff'~rr *-2 to 49. per hour an^ candle. The “mixed 

gas," recently very* much in uset consisting of f water-gas 
4- I co\l-gas, requires thfi addition of 40 g. benzol, "ptr 
cuSic metre to attain a power of 16 canSles. Sospicio states'll^e 
quantity required ^or a mlxture'of i water-gas -f ^ coal-gas 
= 23 g.»for 16 candles (see below). 

It has been asserted that beftzol, when applied Jo 
carburetting gas, destroys the dry gas-meters. This is contra- 
:/dieted ^y Witzek (/. Gasbeleucht., 1904, p. 65$) and by Messer- 
fidunidt (/. Gasbeleucht,., -igp6, p. 235), 
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Carburetting Water-gas .—Much more important than for 
ordinary coa^-gas is the carburetting process for wa^errgas, 
which is now made at all important gas-works, in order^to be 
mixed with coal-gas. We always understand by the term “ coal- 
gas’’that made in the old wayfn gas-retorts.. The water-gas, 
also called “ blue gasj” has no illuminating-power, anS its heating 
value is only 2900 metrical heat units, against 50CX) heat units in 
the case of ordinary coal-gas. Mixing the latter with a large 
proportion of water-gas would thereforedecidedly reduce its value, 
both in respect of for heating and power, and in that of its applica¬ 
tion for incandescent lighting,<where it is also in the ‘first line -a 
question of the heating-va’uq of the gas. This can be remedied 
'by carburetting the blue gas, before mixVn^ it wi^ coal-gas, 
either in the cold by means of benzol, or at a higher temperature 
by the products of decomposing mineral oils. 

Nowadays, therefore, benzol is principally used at gjas-works 
for carburetting “‘blue ’’ water-gas, or its mirfcure with^cSal-gas. 
A great manj^ apparatus have been constructecf for this purpose, 
mostly on the same principle as gas-scrubVers, but,differing from 
these by being heatable. We cannot in this place enumerate 
all those apparatus, but it may be suitable to describe'pnc pf 
the best of them, the “Municlj carburetter’’ of'the ^B^rl% 
Anhaltische Maschinenbau-Aktiengesellschaft, shown in Fig. 
225. It consists of the ejfaporator, A, the store-vessel, B, 
provided with a filling-arrangemerit and an index, the regulator 
for supplying the benzol and»the connecting-pipes. The 
evaporator A is a rectangular' cast-iron box, containing 
corrugated heating elements, covered with coarse linen cloth. 
The benzol runs through the regulator r and the pipes 4 , and b^ 
'on to the 910th, which soaks it up .and dividSs it evfenly over the 
whole evaporating-surfaoe. The gas entfer^ at G, flow^SWet the 
plates and leaves the apparitus at G, in the carburetted„ state. 
Tile testing-cock alloyvs of ascertaining whether the fenzo^ is 
bCmg completely evaporated, and not collecting at the bottom 
of A.—The store-tank, B, holding 506 litreiS benzol, is construfted 
on the principle of a Mariotte bottle, so as to cause its contents 
t^. rutt out m an even stream, independently of the height of ti« 
liquid. B is jompletely closed, provided with af false bottom, 
aliddtil bottom part N is connected by pipe ^ with the gas-mwn, 
s« tiaF f^s inside is not in contactf-with air, which precatr^sin 


























is very important in respect of the danger of fire. On openit^! * 
*tap 3, benzol flows out; but before the level of the liquid ft 
N can go down, gas enters through pipe g into the tank B, 
with the effect that benzol flows out of ^2,and tap 2 only 
until the rising level of N shutsi-off again tap gy The outflow 
of benzol is therefore always under the pressure ofttie constant j 
height of the liquid in N, In order to ,flll tank B, tap ^2 is 
closed, and a double pipe is fixed on the bung-hole fif a benzol 
cask, which is connected on one side with a high-pressure watef 
conduit, and on the other side with the supply-pipe by The 
water then displaces the beiKoI and forces it through .tap i 
into tank B, the gaseouc contents of which escape thftiugh s 
*and g into the gas main. , " ‘ 

The supply-regulator, shown separately in Fig. 2^6, contains 
a spindle with a parabolically sjjiaped ‘point, 40 mm. leng, 
moved backwards and forwards by means of a millimetre-screw. 
Together with the spindle, an envelope provided with h Circular 
division moves on a cylinder with millimetre rfarks. c F^fi’ evtry 
supply-regulator a table is sent .along, by mean^ of which the 
desired rate of the supply of benzol can be regulated. . • 

According to a report of the Committee of American 'gas- 
engineers (/. Gas Lighting, igio,]g. 239; /. Soc. Chem.Jnd.AgXO,' 
p. 202), the carburetting of gas by benzol increases its illuminat¬ 
ing power, but hardly at al^ its heating value, and. is therefore 
not to be recommended for water-gas. They consider it useless 
to enrich a gas, saturated with iight hydrocarbons, by benzol, 
because in this case the light hydrocarbons will tp a great 
extent separate coring the passage of the gas through the 
service pipes. Hence they -recommend first removing part of 
' the hydrocarbon vapours of low vapour tenSion bycompressing, 
cooling, or washing the gas with .an absorbing oil. — 

Benzol is also used, like petroleum spirit, tor preparing 
dSrburetted air, known by the designation Airogeif gas or 
Mnoidgas. This can be affected by the well-known apparatus 
used for petroleum spirit ot gasolin, but special apparatus ioip 
tins purpose have also been proposed, e.g., in the Frenclf patent 
C^Ldctard and Digpet. * ^ ^ : 

' 'The vafuation of tar-oils for the process of (^arburetting 
gaSf^k., ist treated by Spiegel (/. Gasbeleucht., 1907, 45 J 

^ Lig^iHg, Wider Supply, etc., 1907, p. 822). The 
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■tSSsts do not indicate tb'eir value for that purpose, nor does the 
ffidorifif test, since oils which are not sufficiently volatile to" 
taken up by cold gas are useless in this case, and so is 
naphthalene, pence, many gas engineers trust only to 
practical trials qji » large scai*. Spiegel asserts that an oil is 
Jail the morff valuable as carburetter the more nearly s’aturated 
its Ijydrocarbons are\ He therefore determines the proportion 
of hydrogen in it by the ordinary process of ultimate elementary 
analysis. He describes a way of calculating from this the 
carburetting value pf the oils, but since he confines this to the 
heavy,oils Tised for carburetting *vater-gas by the hot process, 
notlolhose which are employed in tfee cold, and since he him¬ 
self admits that fifrthfer experiments are necessary for comparing* 
his data wifh the results obtained on the large scale, we must 
refur the reader to th% original. 

lif of Bemo^ and its Congeners for drfving Motors 
and Motor-cars. 


• The emplgyment *Df benzcjl for these purposes, in lieu of 
peti*oleum spirit or spirit of wine, although of quite recent date, 
pjjpini.ses' to be one of the most important outlets for this 
'product. •!< is indeed statqjl {e.g. by Kohler) that at the 
presmt time much more benzol is sold for motoric purposes 
than for the manufacture of aniline^olours. It is in this respect 
a ipost serious competitor wtth petroleum spirit (benzin), and 
a practically unlimited field #cems to be open for it in that 
direction. The extent of tHis field may be judged from the 
following figures, given by Rau (in Lunge Koehler, p. 950). 
Almost,entirely through ijs application for motor-cars, the 
consumption*bf petrSleum spi»it in Germany has incr^sed from 
30,000*ldTls in 1892 to f 15,ocxi tons in *908. In that year there 
was 400,000 tons ol* petroleum spftit sold in Europe, 800,^00 
tons in ^orth America. , * 

The first attempts at replacing petroleum spirit or spirit'<)t 
winC by benzol fail^, because it was not handled in the proper 
way, alSb because regard had not been had of the solidification 
of benzol a few degrees below 0°, A* great mistajje waJ alsB 
committed by employing crude benzol, which leav^'an evapora- 
.^041, rcfidup of 0-2 to 2-j g., increasing up to 544 g. *when 
for three months, whkh residue stops dp,the mqi^inery; 
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whereas purified 90 per cent, benzol leatessno residue, but hag 
even to a greater extent the awkward property‘of freezing. 
This drawback has been remedied by appropriate add!tion& 
The Paris Automnibus Company mixes the^benzol with the 
same vojume of spirit of wint. 0 . MoHr ^Ger. P. 216699) 
prescribes mixtures ^)f benzol, benzin, and spirit of wine, which < 
at —25° do not separate any solid mattery 4 nd completely distil 
between 42“ to 78°. The same effect is produced by the^ 
addition of the non-freezing higher homologues of benzol.^. Thus, 
for instance, the of the RUtgerswerke^Aktiengesellschaft,, 
which is specially intended* for driving stationary motors, 
consists of a purified '.nij^ture of benzol with its *hi|[her 
homologues, up to tetramethylbenzenes, in* th'e samq proportion 
as they occur in coal-tar. The ofitin pf the Gewerkschaft 
Deutscher Kaiser is a mixture f>f benzene and toluene, fnot 
freezing at —17°, 

In Paris now most omnibuses are driven'' by benzol Baotors. 
Even in the ,oits and chemical works of the coal-disfrioffi many 
locomotives are worked by benzol, an#J such ,are now also 
introduced on the Prussian State Railways. The progress 
made in Germany in that direction is best proved hy "tjte 
following figures:—In i^i the ,benzol used for raotor-diivil^g' 
amounted to 300 tons; in 1907 to 3CXXJ to 4000 tons; in 1916 
the Deutsche Benzolvereinigung alone sold 31,332 tons of 
motor-benzol. * 

British patents: Franke (18235,1914); Higgins and Preston 
(23876, 1914). 

A great many statements on this matter have been made 
by Neumann {Die Verbrennungskraftmaschinen, 1906, p. 304) ; 

' Warschauer (Z. angew. Ghent., rgoS, p. i*S37); Honigsberger 
1909, p. 671); Lehmbeck {Auton&bifZeiitfftg, TgOt, No. 

Terres (/. Gasbekucht!,' 1914, hiu, pp. 893, 907, 917,, 929);' 
in / Ind. Eng. Ghent,, 1914, vi., p. 239; 1915,.vii." p. . 1^31 
^ Watson, Froth, and others (/. Soc. Ghent. Ind, 1915, p. 266), 
by Dieterich {Pharm, Post, 1914). 

Various'Other Uses of Benzol. 

Monufach^e of Lampblack from Benzol .—Kraemer many; 
yeais*ago pointed' out that benzol, at the low prices 

^ vari^ circumstances, *might be advanti;^IS(ii^i^ 
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employed for the manufacture of soo(, technically called lamp- 
\lcak .« Thi 5 suggestion was followed up in. several patents pf 
Thalfritzer (Ger. Ps. 109826 and 119830, of 1899). He obtained 
lampblack of CKcellent quality from a mixture of benzol with 
combustible gases? prepared fa such a way that it^ contains 
about as inuch carbon as good oil-gas. 'Or else he employs 
ait,iOr hot combusti^e gases, saturated with benzol vapour, but 
in such a way that the mixture is not inflammable. This 
process might be important in the manufacture of coke by 
distillation of coak or other similar industries. 

Use as a Disinfectant, Sterilizer, Insect-killer, etc.—h. germicide 
disinfectant is prepared by Wey^(fier. P. 135898) by passing 
gases con^ainin^ dzone •into benzol, heated to 60° to 70° C. 
This patent lapsed very ^oon. 

•The actfon of brazol at^ other hydrocarbons on microbes 
has been examined by Berthelot {Comptes renff., cxxxvii., p. 953) 
and Staehelin (^/<*/«. Zentr., 1904, i., 1024). 

* Ntfbbff and Richter [Chem. Zentr., 1905, i.,, 116) employ 
benzol for s^prilizingi the soil, in order to obtain high crops of 
corn. 

and cumol are employed for sterilizing catgut at 
■/’6o*C. ^Merck’s Jahresber. j’or 1901). Beslier {Chem. Zentr., 

' I9CI5, li., 69) employs benzol for the same purpose. 

Wolff {Pharm. Zeit., 1902, p. 6jo) recommends benzol as the 
best agent against lice of all'sorts. 

For these purposes benzel is sometimes used in the shape 
of a mixture with soft soap.' 

Employment of Benzol for soldering ane^cutting of Metals .— 
Up toj recent times, the production of high temperatures in 
the working of mitals has •been brought about by the oxy- 
hydtOgSh fl|ime. ASi' improvement on this is the flatne 
produced by a mixture of oxygdh and acetylene. A fut^ier 
iJppro^^^ment is supposed to be the ^bstitution of benzol lor 
acetylene, which, it is asserted, produces the same effect \t 
a^ere fraction c/ the cost. Apparatus for this purpose is 
supplied by the “ Autogen-Werke” fiir autogene Schweiss- 
' methoden, of Berlin. 

Sydney Young {Proc. Chem. Soc., xviii., p. 104; Chem, Zentr., 
1902,1., 1317) makes abstilute alcohol by several times ffacticaj- 
»tin^ a. mixture of spiri1*of wine with beifepl. Th%*trMe» pf 
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benzol remaining in the alcohol are to lie removed by a specM 
process, hardly fit for technical use. This process fs the (subjen 
of Ger. P. 142502. 

Darmstaedter (Ger. P. 125404) employs tdu'ol to form an 
emulsioi} in order to obtain sniooth precipitates in electrolytic 
baths. 

Of safety-explosives manufactured fro;^ nitroderivativogi of 
benzol hydrocarbons we mention Belliie (nitro- and dinitro^^ 
toluol); Fbrdite (nitrotoluol); Ntgro-powder (trinitrotoluene); 
Roburite (dinitrobenzol); Trotyle (trinitrotoluene); Vigorite 
(nitrated hydrocarbons). • 

StcittsticSt 

The productive capacity of the United^ Kingdom for benzol 
of various types was'estimated by l^evinstem (/. Soc. Chem. Atd., 
1886, p. 351) for fhe year 1886 at nearly 3 million gallons, of 
which quantity Germany took i J millions^ Un additio?i to J 
million homq. production), England J million, France‘'anS’ otJiM 
countries the remainder. « . ‘ 

Germany, during the years 1870 to 1880, produced only a^uf 
I 2 CX 3 tons per annum; 1890, already about 4000 to 5 aA.tcft>f.; 
1896.7000 tons; 1901, 25,000 to,.30,000 tons; I90I^, 136,0^ tp- 
38,000 tons. In 1906 the Rhenish-Westphallan provinces done 
produced nearly 40,000 tone of benzols, so that the German 
colour-iworks, which formerly haef to get about seven-eighths 
of the benzol they required frdm Great Britain, now get it 
nearly all in Germany. If all the coke in that country was 
made by recovery-evens, she would produce upwards of yoppo 
tons, which is far above the quantity saleable at preseifit or in 
the near future. Indeed, during the last few years a goo^ many 
new coke-ovens have ba;n built in GeAn^ny oi\,the okfplan, 
^^here was not enough chince for selling'the products.made 
by recovery-ovens. , „ 

Compare also the statements on the production of benzol in 
-various countries, supra, p. 156. 1 

Russig, in his various reports on coal-tar products in the 
0 mhch€ ^.eitschrift, gives, the .following statistics for th^ 
importation exportation from Germany (the figure 
idei^ metrical tlms, at 1000 kg.) in the years from to.^ 



STATISTICS 


mi 



Sulphate of ammonia ^ . 

Ga»>liquor ^ • 

I Anthracene* .... 

I Carbolic acid and other phenols 
Naphthalene . . • . 

Coal-tar oils, light . ^ 

Coal-tar oil^heavy 
Tar of all descriptions . . 

PltA,Isphalt, wood-cement^ . 


Sulpha^ of ammonia . . 

Gaa-li^or .... 
Anthracene •. 4 * * 

t^arb^^acii and otler phenols 
Naphthalene . . « . 

’ Coal-tar oils, Ugjit * « t . 

Coal-tar oila^eavy 
Tar of all descriptions . 
ch^ Lphalt» wood-cement ^. 


38,80S 

23,105 

44,407 

^ * 

42,251 

35.168 

35,165 

21,504 

26,407 

13,765 

10,267 

CO 

CO 

4,305 

3,894 

3,296 

i 2,876 

3,048 

1,330 

3,908 

4,225 

4,538 

5,154 

5,016 

5,366 

3,776 

9,803 

12,596 

11,464 

14,481 

> 2,444 

5,291 

7,210 

7,723 

7,591 

8,063 

5,779 

2,543 

3,286 

9,267 

6,800 

6,579 

5,608 

39,696 

35,953 

37,508 

40,574 

36,788 

40,641 

61,534 

80,765 

0 

6^299 

88 , 5 J 6 

94,377 

85,049 


1,^3 

2,431 

9,842 

5,744 

5,592 

10,696 

37,589 

i 6 , 97 > 

17,068 

>5,400 

I 5 , 8 » 

CO 

CO 

CO 


... 

I 

154 

1 

49 

13 

2.650 

2,452 

3,198 

3,357 

3,103 

3,898 

6,375 

1,270 

1,274 

1,261 

2,455 

2 .K 3 

3,878 

2,735 

2,755 

2,994 

2,260 

2,332 

3,982 

4,390 

6,560 

8,640 

10,506 

5 , 99 * 

5,704 

8,596 

13,983 

33,393 

30,678 

32,437 

31,433 

39,818 

31,898 

33,872 

43,889 

37,771 

36,921 

39,670 

40,595 

49,785 

55,359 

63,640 


In the year 1906 a new tariff and new designations were 
introduced in the German QistomI Union, and for this year ho 
useful statements can be made. For 1907 the following figures 
can be given for the importation and exportation into and 


0 

ImjBTted. 

Tons. 

Bjportad. 

Tons. 

Coal-t* . * ■ • . • 

29,276 

32,062 

CiJIl-tar pitch • . • ^ 

20,283 

16,892 

Benzol (from cofl-tar) • ■ ^ • 

4,114 

1,681 

Tpluol, cumol, and othg: light coal- 
tar hydrocarbons ...» 

5,683 

3 , 3 W 

Heavy coal-tar oils and asphalt-naphtha 

7,034 

50,803 

Naphthalene ^ ■ 

10,144 

5,980 

Anthracene. 

2,418 

33 

Phenol, crude and pure . . .. 

5.277 

3,561 

Cresol .' ■ ..*.*• 

3 

• tio 

Sulphate of Ammonia . '. 

33,522 , 

57,493 


1 How much of this fc coal-Ur pitch cannot b|aioertain«l.^ 
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_ Beginning with the year 1907, the German Official Sta&tfe 
give separate, figures (ist) for “benzol” and (2nd) for i'tdiM 
xylol, cumol, other light coal-tar oils, and hydrocarbonS from’ 
oil-gas making." These are 


r 

Tear. 

% Ben 

--- 

zol. 

... m 

Toluol, iylS',oamol,«to. * 


Importation. 

Exportation. 

mportatlon. 

• • 

* ExportatUat. . 

1907. 

1909- 

1909, value 
^910- 
Ipio, value 

1911. 

4115*1 tons 

4254-7 „ 
3194-6 „ 
511,000 marks 
2538-5 tons 
406,000 marks 
2,371 tons 

i68o-8 tons 

998-5 „ 

i8o 8-2 „ 
240,000 marks 
c 12757*7 tons 
i>675»ooo marks 
21,996 tons * 

— .r — 

5683-1 tons 
33i6-9 „ 
3394-4 „ ■ 

882,000 marks 
3382-7 tons 
r,40c,000 marks 
5,052 tons ) 

- 1 - 

— ft 

3499-4 tons ‘ 
5407-8 „ , 

7»36-9 . 

ti34^0jp marks’ 
9774-4 tons 
1,481,000 mark* 
4i997 tons 


Fluctuations in the Prices of Btnsol. 

For the English market the following diagram, Fig.’227, by 
Kraemer, shows the fluctuations of the prices of‘benzol during 



























m theTpeices of Senzol ' loss’ 

The diagram, Fig. 428 , shows the English prices (expressed 
'Ijn majks pdr loo kg.) from 1899 to 1909. 



isse 1900 01 02 03 ^4 09 06 07 08 08 

Fig. 228. 


• From tRe figur?s given on p. 1032 it appears that whereas 
former Jfears^the regufrements of Gern>any in the matter of benzol 
had to be to a great extent covered by importation (chiefly from 
Englaftd and Belgium), that country jince 1909 has become Sh 
exporter of those hydrocarbons, so that the quantity of bemiDl 
exported now va^ly exceeds the*importations. This is due re 
the e"Bormous development of the recovery of the by-products in 
the manufacture of coke—idev^Jopflient which hjs crqfitedjan 
over-production of benzol, Ending its expression in the great 
of the market \^lu 3 | of this artii^. W» heft quote 
statements madft b^^frank {Chei%jHd., igjji, p. 438) 


Mirk pr % kg 
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for the years 1882 to 1901 as to the pricte of 90 per cent trac^ 
benzol:— 


In 1882 between 175 and 400 marks per too 

11 ^885 11 

50 II 

90 

a 

/» 

•1 i «90 ,1 

too 

125 


4 ?! 

II 1892 „ 

40 „ 

60 

» 

)> 

11 *895 ,) 

25 II 

60 

” X 

>» 

I, 1896 „ 

50 >1 

120 


1 ) 

„ 1897 on the average 

65 

» 

»> 

II 1899 ,1 


25 



1. 18991 
>1 1900/ ” 

»> 

20 

I'l • 


.1 1901 „ 


30 

}» 

»» 


The ]ahrbuck fiir den Oberbergamtsbesisk"Dortn^^nd, tpio, 
p. 711, makes the following statements as to price of benzol per 
ton (icxx) kg.):— ^ ' 

In 1899 . . •i69'5o marks 101905 . . zif r marks 

,,1900 . , 178 „ „ 1906 *■. e • )!• 

» 1901 • „ ■ 197-50 II II 1907 • • 170'’ 11 

II 1902 . . 210 .1908 < . , 170 „ ■ 

■I 1903 • ■ 2 >o -30 II II >909 ■ . 1 s 8 - 9 c^' 


In 1899 

, . •i69'5o marks 

In 1905 

II 1906 e 

•1 1900 

, 178 „ 

» 1901 

• „ • 197-50 II 

II 1907 

II 1902 

. . 210 „ 

- „ 1908 < . 

II 1903 

. 210-30 „ 

II 1909 

„ 1904 

. 211-50 „ 


The 

Deutsche Benzolvereinl^ung quotes 

average pricey in marks per lOO kg. 

i) 
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^APPENDIX ,I 

Sjmops^ of the Products obtained from Coal-tar. 

Jfi conclusiotKwetgive a synoj^is of the Products obtained from 
coal-tar, with enumeration of the final products and ttie pages 
whqfe a descriptio^of the respective substances is to be 
found* 


/Ammoniacal 
^ liquor . 


,Vir 8 t runnings 
• Cp. 866 ) 


4 \ 

Light oil . 
• Cp- 854 ) 


COAI.- / Carbolic oil 

TAR. N Cp- 724) 


Creosote oil 


Cp*647) 


4 • 


Anthracene oil 

(p- 589) 


, Hard pitch 

\ (p- 531) 



Liquor ammonite CChapter 
XIII.). 

Su^^ate of ammonia (Chapter 

90 per cent, crude benzol 
(p. 9t6). 

90 per cent, purified benzol 

Cp. 923). 

50 per cent, benzol (p. 917). 

* 

Crude toluene (p. 99a). 

Crude xylene (p. 992). 

Pure benzene, toluene, xylene, 
cumene (p, gjfi). 


Solvent-naphtha (p. 919). 
Burning-naphtha (p. 921). 
Pyridine bases (p. 899). 
Carbolic acid (p. 7JI). 
Creaols (p. 722).. 

I 

Naphthalene (p. 823), 
Creosote oil (p, 647). 

% 

Anthracene (p. 630). 
Carbolineum (p. 605). 

Varnishes (p. 5f8). 

• 

Patenl^uel (p. 


Softipitch Cp< 
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Official Recommendations to prevent Accidents in Tar- 
r distillation Works. 

The following rules were issued in by the English 
Home Office, consequent upon a report by the Inspectors of 
Factories, eleven fatal and ten non-fatal accidents having*” 
occurred within three year^, mostly ascfib^d to the inHalation 
of sulphuretted hydrogen. ' Those specified in pitagraph (2) 
are specially important, ^ • r' ■ 

» (i) All uncovered tar reservoirs, wells, and tanks, unless 

constructed so as to be at least 3 ft. in heightf above the 
ground or platform, should be secSrelyfifenced with^eithcr a 
brick wall or double rail, to the height of 3 ft. 

(2) During tlie process of cleaning, every tar-still sheuld be 
completely isolated from the adjoining tar-stlTls, eiAej fty dis¬ 
connecting fhe pipe leading frpm the fwan-neck to the con¬ 
denser worm, or by disconnecting the j^aste gaj-pipe fixed to 
the worm end or the receiver. Blank flanges should*^be' 
inserted between the disconnections. In additicyi ,the ^it<^* 
discharge-pipe at the bottom of tfie still should be disconiiR^ed.' 

(3) Every still should ^e ventilated and allowed to cool 
before persons are allowed to entep. 

(4) Every tar-still should be ^jnspected by the foreman or 
other responsible person before »any workman is allowed to 


enter. ^ 

(5) No person or persons should be allowed to enter a tar- 
> still, or tai^c, unless provided with ^ belt sedurely fastened round 

the body with a rope attached, the free and to be leflP\^Wi two 
men outside, whose sole duty should be to Watch "and drjw out 
<eny^an in the tank who should aflpear to be affected by gas. 

(6) A bottle of.compressed oxygen, with mouthpiece, should 
^ kept at all times ready fol use, and printed instructions aS“ to 

the use of the bottle, and the methods to be emplo^iid ^ ^ 
fudsmtation by means of artificial respiration, should be 
l^nf ^l y iffixed. A draft of si^ instructions is appepifcd, ;'s 
A gu^ply ^ of suitable ythejiical respirators 


I' « s*.. A 4 • at 
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pi cafe of emergency .^rising from sulphuretted hydrogen or' 
iSrtein^ poisonous gasej/ (Granules of carbon saturated with a 
solution of caustic soda readily absorb sulphuretted hydrogen, 
and may be us^ for charging respirators.) 

(.8) The useof naked light^should be strictly prohibited in 
any portio# of the works where gas of an iaflammableVature is 
liaise to be given oiL 

^ (g) Edth stilTshouid be provided with a proper safety-valve, 

which should at all timds be kept in efficient working condition. 
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CHAPTER X 


LIGHT OIL 

It was formerly the style "of work followed at all British ♦tar- 
works (as described supra, p. 440), to collect as the first fraction 
in distilling the tar all the oils obtained during the time that 
some water is coming over as well. Thisfsfraction is called 
first runnings, and that fraction which follows it, up to about 
210“', is styled light oil (or crude naphtha). 

During recent years some of the large British tar-works 
have adopted special processes for dehydrating the tar before 
its distillation, such as have been described supra, pp. 384 et seq,, 
and as are employed at most Continental works. In that case 
no separate collection of “first runnings” is Inade, but the 
first fraction is everything distilling over from the tar stills up 
to 170° or 180°,^ and is sty^ed "light oil.” The following state¬ 
ments all refer to “ light oil ” as just defined. 

Light oil is a thin, very easily flowing liquid, of yellow up to 
dark-brown colour, sometimes exhibiting a green fluorescence 
owing to a little mechanically carried-over tar, of sp. gr. 0-910 
to 0-950, intensely smelling of ammonium sulphide, carbolic 
acid, apd naphthalene. It commences boiling at 80° to 90°'; 
up to 120° (which is the limit for aniline-benzol) 30 to 40 per 
cent., up to 160° (the limit for the xylols) 56 to 80 per cent 
pass over; the remainder (up to 90 per cent.) comes over 
between 170° and 220°. The statements refer to the light oil 
obtained in distilling gas-tar; the .light oil from col:e-oven tar, 
according to Spilker, frequently contains oils boiling at higher 
temperatures. 

* That means the temperature indicated by'thermometers fixed in- the* 
sjrace above the tar. Thermometers the bulb of which is immersed in iHi 
f/drvill indicate up to 200°, at which temperature the water is^split off 
from the phenol hydrates. 
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■ This difference comes out very clearly in the following 
distillation results from light oils of gas-tar and coke-oven tar, 
quoted by Rispler:— 


• 

• 

Dlstniin;^ 

-•- 

Light oil Arom 

OaB'tar. 

f oke*oTen.tar. 

•a 

Fei cent. 

Pet cent. 

Up to 100 . ; 

10 

6 

.> 135 

47 

29 

165 

69 

,4a 

.. 195 

85 . # 

58 


Components of Light Oil. 

Kraemer ancf Spilker (in Muspratt-Bunte’s Chemistry, viii., 
p, i6) enumerate in “ light oil ” (in the sense defined supra ): 

1st. 5 to 15 per cent, phenols, viz., carbolic acid and cresols 
(principally metacresol), but hardly any xylenols. • 

2nd. I to 3 per cent, bases, viz., principally pyridine and its 
homologues, with a small quantity of aniline, traces of pyrrol, 
and perhap's «f indol. 

3rd. o-i per cent. sulphur*compounds: carbon disulphide, 
thiophen and its homologues. 

4th. 0-2 to 0-3 per cent, nitriles (Scfetonitrile and benzonitrile). 

^th. 1.0 to 1-5 per cent, neutral oxygenated ccmipounds: 
acetone, cumarone. 

6th. hydrocarbons, forming the principal portion, and 
composed of:— 

(a) 3 to 5 per cent, olefins. ^ 

{b) 0’5 to i-o’per cent.*p^''^^ns, from hexane upwards. 

(c) I to 1-5 4)er cent.*non-saturated cyclic compounds, com¬ 
bining at ordinary temperatures with bromine (cyclopentadiene, 
dicyclbpentadiene, dihydrobenzene, tetrahydrobenzene, styrol, 
indene—the latter sometimes in considerable quantities). 

(d) Traces of saturated cyclic cotftpounds (hydrindene, 

etc.). • . . 

(e) The remainder, i.e., 80 per cent, of the light oil, consists of 
' aromatic hydrocarbons, of which about four-fifths belong to the 

. benzene series and one-fifth^to naphthalene and other higHer- 
boilifle hydrocarbons. The proportion of the benzene hydre- 
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carbons in what Kraemer and Spilker term ‘‘light oil ”—that is^in 
our light oil plus first runnings—is stated by them to be abojl't lOO 
benzene, 30 toluene, 15 dimethylbenzenes (xylenes), 10 trimethyl- 
benzenes, I tetramethylbenzepes, traces of higher methylated 
and ethylated benzenes. 

When being worked up, the light oil yields, in round figures, 
the following commercial products:— 

60 to 65 per cent, benzols. 

12 „ 15 „ naphthalene. 

8 „ 10 „ phenols. 

' I „ ^ „ pyridine bases. 

‘fhe remainder is accgunted for "by “ neutral oils ” and the 
unavoidable losses in distillation. Light oil, therefore, is the 
principal material for obtaining benzene aniji its homologues, 
and to a smaller extent for naphthalene, phenols, and pyridine 
bases. 


Applications of Light Oil as such. 

A good deal of light oil is used up without purification— e.g. 
for illumination in excavations (where ’the smoke is of no con¬ 
sequence), for thinning down heavy oil or liquefying pitch to 
make “ refined tar,” and especially for preparing varnishes for 
wood and iron (pp. 548, et seql). Thenius (Verwertung des 
Steinkohlentheers, p. Oz) makes from it “ varnish oil ” by treating 
it several times with potassium bichromate, manganese, and 
sulphuric acid, then with water, at last with caustic-soda liquor, 
and subsequently distilling. Thus a limpid oil of sp. gr. o-88o 
is obtained, which does not turn yellow in the air and is an 
excellenj: solvent for resins like sandarac, mastic, or copal; so 
that superior varnishes for photographers and printers, cart- 
grease, lubricating oil, etc., can be prepared with it, for which 
special prescriptions are given. 


Manufacture of Benzoic Add front Light Oil. 

^ Benzoic acid, which had been found in the residues from 
th6 carbolic acid manufacture by K. E. §chulze, and which is 
formed from the benzonitrile present in the tar-oils, can be 
maipifactured from ligl^t oil according to the Aktien- G. f. Teer- u., 
Erddl-Industrie (Ger. P. lOgiiz) by the following process ;^The? 
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fraction boiling between i‘5o'’ and 240° C. is freed from phenols 
by ^♦■ashing with caustic-soda solution, sp. gr.*i-io. The oil is 
now heated by injection of steam' with about twice as much 
caustic-soda solution, sp. gr. 1-4,^as is required for saponifying 
the benzonitrilg present, in a still provided with a steam jacket 
,and inside open steaip-pipe and a stirring apparatus, until all 
the ammonia is expelled. This tak^’ a few hours. The^ 
distillaft contains the more volatile oils and ammoniacal liquor. 
The liquid remaining in the still on cooling separates into an 
oily and an aqueous portion. The latter is treated with 
grfs^ous CO2, until the excess of Na 9 H has been saturated, 
and the small quantity of phenols, appearing as an oily layer 
on the top. Is removed. The clear aqueous liquid is an almost 
chennically pure solution of sodium benzoate, from which 
benzoic acid is obtained by adding a stronger acid in the shape 
of fine w|}ite crystals. 

Treatment of Tar-oils with Phosphoric Acid* 

According to the Fr. P. 443650, and additions; B. Ps. 9856, 
of 1912, and 5484, of 1913, of Melamid & Grotzinger, the 
impurities of mineral oils caiinbe separated by treating the 
oils with phosphoric acid, or a mixture of this with pyro- 
phosphoric and phosphorous acids^ preferably at temperatures 
from. 150° to 200°, subsequently raised to 300° to 400°. 
According to their Ger. Ps. 264811 and 276765, the hydro¬ 
carbons of tar-oils are converted into hydrocarbons of lower 
boiling point by heating with 25 per cent, phosphoric acid, and 
repeating this treatment. For example, one kind of tar 
yielded 6-5 per oent. oils,,boiling np to 200°, sp. gr. 0-^50; t)ut 
when heated with 25 pA cent, phosphoric acid, it yielded 30 
■ per cent, oils, boiling befow 200° (sp. gr. 0-897), 9 per cent, up 
to 230. (0-900), 23 per cent, up to 270° (0-992), and 14 per cent, 
up to 320° (sp. gr. 0-860), etc., etc. 

Working-up of the Light Oil. 

• 

The light oil is, to begin with, treated just like the middle- 
oil, as described in* the last chapter. It is once or twice 
redistilled in a still, heated by means of an ordinary fire-gra'te, 
breaking up the distillate into several fractions, amd treating 
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these for the removal of acid and* basic substances, mostly 
also in apparatus like that used for the middle oil. This is, 
however, followed by a chemical treatment of the neutral oils 
with concentrated sulphuric ajrid and alkalis, and ultimately a 
decomposition of the compounds formed Ijy ipeans of steam^ 
into their constituents, and preparation of these in a pure, 
state by means of ij^ite exactly working column-apparatusl 
We shall now describe the single stages of this process.. 

S(i//s for Light Oil. 

•» « 

• The rectification of lighS' oil is effected in wroughl- 
iron stills, usually constructed and set exactly like tar- 
stills. The bottoms are, however, never made so much 
curved-in as shown in Fig. 8i, p. 401, because much less is 
left in the still when distilling light oil than when^ distilling 
tar. Only at the largest works are they made as large as 
the tar-^ills; at others a small size suffices, as only a small 
percentage of the tar passds through them. E.g., a still' 
S ft. wide and 6 ft. high suffices for four tar-stills of twice 
the height and width. It is preferable not to\gO below the 
size just mentioned, even at srfialler works, but rather to work 
the still less frequently, or to employ it at the same time for the 
first rectification of the orude benzol. The reason for this is 
that such a still, holding about 750 gall., can be easily wbrked 
off in a working-day, say seven to nine hours, and allowed to 
stand overnight, to cool down the residue before running it out. 
The still-top is covered with brickwork or some non-conducting 
material. The still-head is made of cast-iron, and is connected 
with a «2-in. lead worm, ending in ^a ij-in. lead worm, the 
lower part of which may be only iiin. wide, A condensing- 
tub 4 ft. wide and 6 ft. high suffices for such a still. It 
should be separated by a wall from the still, likewise the two 
receivers for naphtha and secondary light oil; the dijcharge-J 
cock also is best m&de to pass through the wall, so that all ' 
these parts are away fronj the fire and can be seen at a glance. 

• Fig. i8o%hows this arrangement. 

The discharge-pipe for the residue can be provided with a 
screw-thread, in order to connect«it directly by means of a pipe 
«witfi the tank for carbolic or creosote oil. This is* done,* 
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because the residue is very hot, even after standing overnight, 
and gives out very acrid and disagreeable vapours. 

Of course the usual mountings must be provided, such as 
manhole, feed-pipe,,air-vent,andrfhermometer; a simple safety- 
valve (p. 416) should also be put on. 

Some manufacturws prefer heating the light-oil still by 
indirect steam ; but this does not seem ^*offer any advantage. 
It is useful, however, already at this stage to substitute for an 
ordinary still-head a dephlegmating column, so as to effect a 
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better separation of the product, as we shall see in the next 
■ chapter. This is especially advisable when first runnings and 
light oil are rectified together. * 

Working t/ic Light-ml Stills.—'H'htn working a light-oil 
still, a brisk fire is made at first; but this is moderated 
as soon as the distillation begins, and is raised again later 
on. Here, too, some water comes at first; but ceases again 
after a short time. * As long as napHtha comes over, say 
up to 170° or 175°, cold water must be run through the 
condensing-tub; but after this the water in the latter and* the 
distillate should be*allowed'to get warm, because very mud 
naphthalene comes along, artd might choke up the worin i’f i' 
solidified.’ We have seen (p. 833) that it is still 1 lessafj 
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to prevent this when distilling the oil taken away from sodium,’ 
phienolate. Special care should be taken to shape the end of 
the worm so that the distillate can run out completely; other¬ 
wise, at the end of the operation a plug of naphthalene will be 
formed there, which might be overlooked in starting a new opera¬ 
tion, and might lead to awkward consequences, especially in the 
absence of-a safety-vai^e. It even happens, if the still is cooled 
down too much before discharging, that the residue solidifies 
entirely and cannot be run out without heating the still again. 

Fractionation .—The object of the first rectification of the 
light oil is not the preparation of commerciaTproducts; for,^liis 
the composition of light oil is stilj too complicated. For similar 
reasons it was formerly believed that it did not pa;f to wash it 
chemically, except when it had been purposely collected up to 
the point at which it contains much carbolic acid ; and frequently 
even then its last portions only were treated with alkalj. • Hence 
the usual object of rectifying it is, on the one hand, to obtain 
the most volatile oils (which belong to the same class as the 
“first runnings” and are treated together with these), and, on 
the other hand, to separate the heaviest oils which promise no 
further yield of benzol and go better to creosote vor'carbolic oil. 
Between these two a fraction necessarily remains which 
exhibits some of the characteristics of both. This is always 
put back into the still an(> distilled with light oil; so that the 
latter is finally completely split up into the two products 
mentioned above, although in each single operation three pro¬ 
ducts are obtained, which we call light-oil naphtha, secondary 
light oil, and residue. This has caused almost all tar-distillers 
to make two fractions in the distillation of light oil, and to run' 
the third product, as residue, directly out of the still The 
question can only be, where to set the»limits. Evidently, if thi 
residue is to go to creosote oil, the distillation must be con¬ 
tinued till no appreciable quantity of light oil remains Isehind ; 
and this indicates the limit between the second and third 
fractions. Where the residue goes to chrbolic acid, not even 
the above is of consequence, since.the alkaline treatment in any 
case separates the hydrocarbons contained in it In the former 
case the usual test is, to work tilt the distillate begins to sink in; 
water; in the latter case the thermometer is usually consulted 
^ee telow). 
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■ It^ is more uncertain where to set the limit between 
the first and second fractions. Evidently this does not matter 
.very much, since the second fraction is always redistilled. 
Some English tar-(Jistillers go by the hydrometer, and change 
the receiver when the distillate shows lo degrees “tinder-proof” 
(*.«., sp. gr. 0-932), at which point about one-fourth part of the 
light oil^has distilled. The second frac/ion is collected till it 
begins to sink in water, which corresponds to another 25 per 
cent., sometimes to 50 per cent, of the light oil. 

• ^The first fraction {light-oil naphtha or tpoice-run naphtha) 
frorrwlight oil obtained in the first distiffation of tar shows, for^ 
example :— « 


— 
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la is the result of rectifying the 4irst 50 per cent, of i ; 31* 
that (Jf rectifying the first 50 per cent, of 3. .According to this 
there are great divergencies in the intermediate products; but 
finally in all cases, nearly 89 per cent, has come over at 
171°. The distillations \a and 33 show that from light oil 
toluene, xylene, etc., can be obtained, but no considerable 
quantity of benze'nc. , • * 

The oils taken off fram sodium phenolate naturally show 
rather higher boiling-points, as proved by the following example, 
where f indicates the distillation of the oil itself, 2 the rectifica¬ 
tion of the first 41 per cent.:— 
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Davis (/. Soc. Chem. Ind., 1885, p. 646) quotes the following 
tests of “ twice-run naphtha ”:— 





Per cent. diRtilllotiat 



grav. 

100”. 

110“. 

120“. 

W0-. 

170 ". 

200°. 

(1 

0'878 

0 

17 

41 

73 

94 

99 ■ 

b 

0-888 

3' 
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71 

88 

95 

c 

0*901 

• 2 

20 

40 

6] 

80 

90 

d 

0*904. 

0 

9 

29 

57 

81 

95 


f 

_%— 
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At the (English) tar-worl^s managed by myself the 
fractionation differed according to the final produtts ret^uired. 
If so-called “90 per cent, benzol” {vide infra^ was to be made, 
the first fraction was made at 110°, the second at 140°, and 
the third at i/ol The first fraction in this case gjves much 
90 per cent, benzol in the distillation by steam. If, however, 
the product required was “50 per cent, benzol,” only two 
fractions were taken, No. I al 140° and No. II at 170°. It is 
advisable not to go beyond 170°, but to leave the residue in 
the still to cool down over night, and work it uf> tbgether with 
the “ middle oil.” * 

The French style of work is described by Wurtz {Dictiminaire 
de Chimie, i., p. 163^3). According to him, the fraction of tar 
distilling between 150° and 200° (roughly corresponding tb our 
light oil) is worked up thus:— 

First Rectification. 

a. Fraction up to 120° goes to the corresponding fraction off 

the printipal distillate, received up to 150°. • 

b. Fraction between 120° and ipcf is washed with acid and 
alkali, then rectified. 

c. Residue (above 190°) goes to creosote oil. 

Second Rectification (of the fraction b"). 

a. Product up to 120° contains benzene and toluene, goes to , 
the corresponding products from the first runnings. 

' b. Product from 120° to 127° yields solvent naphtha No. I. 

. 0. „ ,, 127 to 140 « » ■» It 

i> II .iljp to 150 „ „ M Tllr 

e. Residue goes to creosote oil. 
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The product distilling from light oil at 170° to 210° and above, 
called “ secondary light oil,” is sometimes employed for washing 
anthracene (p. 612); or it is chemically washed and rectified, so 
as to yield “solverjt naphtha ”mnd oil for absorbing benzol 
from coke-oven* gases. 

As to the processes followed in Gemiany, we quote the 
following statements from Spilker and ^spler. According to 
Spilker {loc. cit., p. 54) the IJght oil is rectified in wrought-iron 
stills, directly heated, of the same shape'as the tar-stills (but of 
smaller size), and set in the same wa}^ Ir^lieu of the man- 
hole*there is a “hand-hole,” 8 in.‘wide, and in lieu of the. 
arched top there is a rectifyiaig-column, 6 to 10 ft. high and 
1-6 tQ 3-3 ft. wide. According to Rispler {loc. cit., p. 545), 
the contents of ^he light-oil stills vary from 10 to 17 tons; 
the column is 13 ft. high and usually 3-3 ft. wide. One light- 
oil still,*6* ft. high and 5 ft. diameter, suffices for treating 
the light oil produced by four tar-stills twice as high and 
twice as wide. It is not advisable to use light-oil ‘stills of 
smaller dimensions than those just indicated ; even at smaller 
factories it |s preferable to make the light-oil still of that 
size, and to vi 4 )rk it at intervslj, or use it also for rectifying 
the crude benzol {vide infra). Such a still, which holds about 
3SCX) litres, can be worked off in seven to nine hours, and 
allowed to stand overnight to give the residual oil time for 
cooling before drawing it off. 

According to Spilker, the distillation is best carried on in 
such a way that about 250 litres pass over per hour; hence a 
still holding from 2000 to 3000 litres will require twelve hours, 
and a still holding, from 4000 to 6000 litres twenty-four hours 
for being worked off. The long time required for working 
the light-oil stills, and th*fe very much higher cost of it for 
fuel, et(j., in compa*^'son with the distillation of the tar itself, 
are caused by the slow rate of distillation and the dephlegmating 
action of the column. ^ , 

* The same author gives the following rules for the 
fractionation of the light oil;—The first break is made 
when the thermometer in the still shows 135°, or, if working 
by the hydrometer (which is the usual case), when the 
distillkte shows the sp. gr. 0-89. This is the crude benzol^ 
No. /'or light benzol. The second fraction goes up to* 
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165°, or sp. gr. 0-95; this is the crude benzol No. //. or 
heavy benzol. The third fraction goes up to 195° or 200", 
sp, gr. i-oo; this is “carbolic oil.” The distillation is stopped 
as soon as there is a strong separation of Jiaphthalene in the 
distillate, and until a sample, cooled down to 15° in a test-tube, 
solidifies to such arj^extent that on turning the tube upside 
down nothing runs oht of it. The residue thus remaining in 
the still is run off while still warn\, and worked up together 
with the' middle oil; the “carbolic oil,” taken as the third 
fraction, is worked up together with the corresponding fractjon. 
pf the middle oil, and fractions I and II go into the benzol 
department of the factory. > ^ 

The following tests of these fractions are quoted by Kraemer 
and Spilker :— :' 

Light benzol has an average sp. gr. of o-88o and, on 
boiling, yields about go per cent, from 80° to 140°, elg.; 


Up to 

8cf 

. 0 per cent 


85“ . 

• 3 11 


90“ . 

. 21 „ 

V 

95 " • 

. 39 .. 

n 

100° 

. 57 » 

1) 

105“ . 

• 63 .) 


no° 

• 70 .. 


Up to 115° 

. 76 per cent. 

»> 

120° 

. 80 „ 


125' . 

■ 83 „ 

» 

‘30° • , 

t 86 „ 

» 

‘ 35 " .• 

• 88 „ 


140“ 

• 90 ). 


It contains about 2 per cent, acid oils (phenols), and tarely ' 
above i per cent, bases (pyridine, etc.); moreover, all the carbon^ 
disulphide of the crude tar, and variable quantities of low- i 
boiling aliphatic hydrocarbons. Heavy benzol has an 
average sp. gr. of 0'93 and^, on boiling, yields: 

O < ^ 


From 125 up to 130°. 10 per cent. 
„ 140°. 20 „ 

„ 150°. 45 • „ 


Up,"to 160“ . .70 per cent 

170° '. . 80 „ 

„ 180“ . . 90 „ 


It contains between 2 to 4 per cent, bases, and between 5 to 10 
per cent, phenols. ^ 

For recovering the acid (phenols) and basic components, 
thSse two fractions are submitted to the same successive treat¬ 
ment with caustic soda and dilute sulphuric acid, and in tite . 
same apparatus, as has been described in Chapter IX. for th^- 
‘treatment of carbolic oil. But whilst the “light benzol'” after 
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this treatment is mostly at once subjected to the “chemical 
purificktion," as described infra, the “heavy benzol,” in order to 
economize chemical agents and to simplify the further working- 
up, is usually once more distiUed in the light-oil still, as 
described ja/m,*vhich furnishes fractions of the same kind as 
those obtained from ligfht oil, and are worked up with these. 
Moreover, a fraction is obtained, boiling Ij/rtween i6o° and 190°, 
which is known as " commercial heavy benzol,” and which, after 
being washed with 1 to 3 per cent, sulphuric acid, goes into the 
I trg.de as solvent naphtha. 

T^e jCist-given description does nqt df)ply to the distillates, 
containing benzol and its hcjjnologues, obtained from the * 
saturated btnzol-washing oil of coke-oven gases. When 
continuously distilling this oil in column-apparatus, products 
of much more uniform quality are obtained. Thus, eg., 
Wilhelm* (^. ywr chem. Apparatenkunde, I907,»p 33) describes 
a rectifying-column for such products, worked by open steam, 
furnishing immediately, without chemical washing, a crude 
benzol boiling at the same points* as commercial 50 per cent, 
benzol. This product, after being separated from the 
ammoniacal ^ater condensed from the steam, goes at once to 
the column-apparatus for commei'cial 90 per cent, benzol, from 
which continuously such benzol distils off, whilst the products 
boiling at higher temperatures run ofT^into^a lower still, where 
they Sre converted, also continuously, into corresponding 
commercial products. The vapours escaping from the stills are 
thus, by means of suitable column-apparatus, and after being 
separated from water, converted into commercial crude 90 per 
cent, benzol, toluol, solvent naphtha, etc.; the residues collecting 
in the stills are run into cqpHng-tanks, where they separate into 
solid naphthalene,and liquid oils, which go to the washing-oil. 
The chemical purification of the hydrocarbons in this case, 
therefor^, is only effected after the fractionation in steam- 
heated columns, from which they are obtained nearly pure, or 
at ^east in such a shape*that no further distillation is required 
for fulfilling the demands as to boiling-points made in the 

trade. , • 

According to Schreiber {loc. cit, p. 47), the benzol obtained 
from the coke-oven gases in Lewer Silesia is first washed with 
sulphuric acid, and then neutralized with caustic-soda solution,* 
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sp. gr. i'03, or milk-of-lime ma;de from i6o to i8o kg. CaO per 
I cbm. water; the latter is much cheaper, and equally efficient 
The washing takes place in lead-co'ated cast-iron vessels, with 
a slightly inclined conical bQttom, and a ship-screw agitator 
fixed to the top, holding lo tons. The agitato,r makes 6o turns 
per minute; the washing takes place in three or four stages of 
an hour each. Th^^consumption of acid is 7 per cent for 
benzol and toluol, and 10 to 12 per cent for solvent-naphtha. 
The loss by washing is, 7 to 8 per c6nt in the case of benzol and 
toluol, 20 to 25 per cent, in that of solvent-naphtha. 

First Runnings (Light Naphtha,). 

This term is applied to the first and lightest distillate from 
the tar-still which comes over together with some (ammoniacal) 
water, as described on p. 445 ; and we shall now show-how it is 
further treated. This fraction is sometimes called first light 
oils, ore once-run naphtha, or crude naphtha, etc. Where no 
such fraction is made, but the light oil is collected all 
together, it is generally redistilled over a direct fire; and the 
“twice-run naphtha” or “light-oil naphtha” thus obtained is 
treated in a similar way to (hat now described for our “ first 
runnings.” 

The latter prodqct ednVains, of course, the most volatile con¬ 
stituents of coal-tar, as enumerated in the third chapter; but 
along with them, owing to the peculiar nature of fractional 
distillation, there are considerable quantities of less volatile 
bodies. Hence we find in it not merely benzene and its homo- 
logues, but sensible quantifies of thiophens, of phenols, naphtha¬ 
lene, afiiline and other bases, empyiyjumatic resins, etc. Sorfie 
of the most volatile bodies are impurities to be removed as 
completely as possible, as methane homologues, thiophens, 
olefins, carbon disulphide, mereaptans, nitriles. The ‘'eupion ” 
sometimes mentioned, and Mansfield’s alliol, will have to be 
sought among the ‘latter class of bodies. 

Since a distinction or.separation of all these bodies is not to 
be thought of, least of all for technical purposes, it is usual to’ 
estimate the quality of first runnings by fractional distillation 
exactly in the same way as described above (pp. S60 et seg.) 
for light oil, rectifying again the more- volatile portion. The) 
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following table shows some of the results thus obtained, in 
percentages by volume:— 


No. 

Boiling* 

point. 

88“. 

• 

98 *. 

100“. 

110\ 

12 ?. 

iao“. 

188 ". 

149 ". 

160 ’. 

ITl". 

Sp. gr. 

I 

79“ 

I 



I2h 

22i 

31 

If 

45 

52 

62 

0-906 

2 

« 4 ° 

I 


IS 

30 

43 

5' 

63 

69 

77 


3 

9 »° 



2 


27 

43 

54 

t >3 

73 

83 

0-905 



... 

3 

15 



• ••• 





4 

91° 


3 

10 

26 

38 

49 

55 

63 

71 

78 

0-908 

■ 5 . 

89° 


i 

5 

34 

45 

55 



73 

785 

0*911 

5 ". 



9 

27 i 

40 

475 

'« 






• 

Inwall theSe tests the thermometer-bulb at the beginning of 
the distillation wa| just immersed in the liquid; the “boiling- 
point” is consequently much higher than the temperature at 
which the,vapours actually passed over; and even the later 
temperatures are nq doubt too high. 317 is the result of rectify¬ 
ing the first 45 per cent, of 3 ; S«, that of the first 61 per cent, 
of 5. 

The table shows that the composition of first runnings varies 
very much, especially at the lower temperatures, without being 
indicated by the specific gravity. In fact, the latter is quite 
worthless for the estimation of the commercial value of crude 
naphtha. A single distillation of thtf latter does not suffice; 
and in'any case that which has passed over up to 130° should 
be rectified. Even then the results differ considerably if, as is 
usual in England, the thermometer-bulb is immersed in the 
liquid, according to the size of the retort, the quantity of the 
liquid, etc. The only reliable plar; is to place the mercury- 
bulb at the height of the j(3pour-delivery tube; and it *is even 
preferable to work with a proper fractionating-flask connected 
with a Liebig’s cooler (Fig. 181); best of all with a dephlegmat- 
ing hea^, such as Linnemann’s three-bulb apparatus {cf. next 
chapter). Jt has been found the most suitable plan to place 
the mercury vessel exactly as figured here—that is, its top on a 
level with the bottom of the side-tube.. 

More accurate nyjthods for testing the value of crude 
naphtha will be described at the end of Chapter XI. , 

Good first runnings in the ftrst distillation ought to yiel^ at 
least I(J per cent, by volume up to 400°; in rectifying the pro- 
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duct distilled up to 13D', at least 25 per cent, should come over 
up to 100°. Up to 171°, on an average 78 per cent. comeS over. 



r Fig. i8t. 


Watson Smith found the following results of first runnings 
from Wigan cannel-coal tar:—. 

B«Iow 110” 110-140“ 140-150' 160.160f 160.1T0“ 170.160“ 180.190“ 

Per cent. 15 20 to 6 9 7 11 

Hokenhausen {J. Soc.'Chem. Itid., 1884,' p. 73) quotes the 
following tests:— , 

A. English Naphtha. 


Oe&tigradfl. ^ 

Wigan. 

Per cent. 

Yorkshire. 
Per cegt. 

Scotland, 
per cenf. 

105' 

• 

4 


no® 

4 

16 

17 

' 120® 

19 

34 » 

38 

130° 

33 

47 

49 

. 140° 

♦5 » 


58 

150“ ■ 

55 


69 
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B. French Naphtha. 


Centigrade. 

D’Anzia. 

Per cent. 

• 

Blanzy. 

]|ir cent. 

Comp. Par de Oaz. 
Per cent. 

• 

IQO° 

X20® 

• ^30“ 

140 

ISO" 

160® 

170° 

.ft_ 

• 5 

24 

39 

50 

60 • 

67 

75 

14 

37 

49 

69 

77 1 

85 

JO 

* 23 

• 55 

75 

90 

98 

1 • 


Davis (see below) quotes an the average of many tests of 
first runnings from different parts of England :— . 

ap.gr. 100-* IW 180" 140' ITO’ 200' 

0-905 2 14 33 57 80 92 

Washing with Chemicals. 

• 

The first runnings, as well as the light-oil naphtha, which is 
chemically quite analogous to it (<y^pp. 86i et seqi),\& nearly always - 
“ chemically washed ” before any rectification, i.e., treated with 
strong sulphuric acid and alkali, less frequently with oxidizing 
agents. Formerly the greatest stres| ^as laid on washing the 
naphtha with strong sulphuric acid, and "this treatment was 
applied to the naphtha first and foremost. It was always 
followed, first by washing with water and then with a solution 
of alkali, before proceeding to the final treatment in the steam- 
stills. In that style of proceeding the phenols could not be 
recovered, since thej^ are (together -with the naphthalerip) con¬ 
verted into sulphonic acids which remain dissolved in the 
acid (acid-tar). The pyriifine bases were, of course, also taken 
up by tjie sulphuric acid, but it is difficult to recover them 
from the acid-tar, and this was never even attempted on 
the large ssale at that^time, as there was no use for those 
bases. The sulphuric acid also takes up the olefins and part of 
the thiophen and its homologues, a little acetone, other ketones, 
nitriles, etc.; it destroys empyreumatic resinous substances, and 
so forth. It acts also upon the valuable substances, viz. benzene 
and its homologues, but at the ordinary temperature only to«an 
,,insignificant extent; if no more acid is employed than is 
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necessary, still, as this action is never entirely absent, it should 
not be prolonged beyond necessity, and no excess over and/ 
above the quantity required for purification should be employed,. 
Used in excess, sulphuric acfd forms “ sulpho-oils,” i.e., partly 
sulphonic acids, partly sulphones, e.g., (CjHJj SOg, which to 
■ some extent remai^i dissolved in the' hydrocarbons and are 
afterwards very troublesome, especially in burning, I have 
experimentally proved {Chevi. Zeit., 1883, pp. 5 and 57) that, 
under the same circumstances, the action of sulphuric acid in 
dissolving the bepzeni^id hydrocarbons is stronger in_ the case 
,of the higher homologuts than with benzene itself. When 
treated for five minutes with * per, cent, of strong sulphuric 
acid, benzene loses o-i per cent, (when quite free, from 
thiophen, even less), but xylene 0-25 per cqnt. The quantity 
of hydrocarbons dissolved increases with the quantity of 
acid employed a’nd with the temperature. After being treated ' 
with sulphuric acid, benzene assumes a yellowish, toluene a 
greenisB, xylene a pink colqur; but all these colours vanish 
after washing with water. Kraemer and Spilker have shown 
that one of the principal actions of sulphuric acid is the conden¬ 
sation of cumaron, indene, aj?d cyclopentadiene into resinous 
polymers, and a molecular combination of styrolene with the 
methylated benzenes. (This reaction is utilized by the Aktien- 
Gesellschaft fiir Tter- und Erdolindustrie, Ger. P. 53^,92, as 
mentioned supra, p. 282.) The reaction is not yet cleared 
up in all particulars, but evidently differs with the difference 
of the substances. Cyclopentadiene (boiling-point 40°) and ' 
dicyclopentadiene (boiling-point 170°)are transformed into a dark 
brown resiii, insoluble in all solvents, which soon separates from 
the sulphuric acid and transforms this into a magma, so that 
great haste is necessary to draw 'off the atid. The olefines 
at first simply add HjSO^, forming ether-sulphiyic acid, 
which partly remains dissolved in the sulphuric acid, partly 
reacts with another molecule of the olefine, ( forming a 
neutral sulphuric-acid ether or else splitting off sulphuric acid 
and forming a polymeric olefine. Other substances may be 
again formed from these, but probably«the polymeric olefines 
are formed in the greatest quantity. They remain dissolved 
in •the benzjbl and are found in the residue when fractionating 
it. The free ether-sulphuric acid is decomposed, when after- 
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wards water is applied for washing with formation of an 
alcohol: 

C0H12 1 = QH„(0H) + HjSO^. 

The application of alkali (practically always caustic soda) is 
quite as indispensable in the case of firjt runnings as in the 
purification of petroleum, paraffin oil, or the heavier coal-tar 
oils, although the first runryngs contain a much smaller quantity 
of phenols, the removal of which is thS principal object of this 
treatment. This made it possible, and^forn^erly most usual, to 
commence the washing with sulphuric acid and end with wealj , 
caustic-soda^ liquor. The latter can in no case be dispensed 
with .entirely, as it must remove the remaining phenol and 
every remnant c/ sulphuric acid and sulphonic acids. 

Recently" it has become most usual to commence with the 
alkaline treatment. This allows of recovering the phenols, and 
is evidently quite indispensable when first runnings and light 
oil have not been separated in di4illing,but are washecf together 
before rectifying. It must, moreover, be borne in mind that 
the phenol ^contained in first runnings is mostly real carbolic 
acid, and is all the more valuably because of this. On the other 
hand, it has been asserted that phenol made from first runnings 
alone has a very disagreeable smell, and very probably this is 
really the case ; but this objection is avoided if the alkali pre¬ 
viously used for washing first runnings is mixed with fresh 
caustic-soda solution, and is subsequently employed for washing ' 
light oil or carbolic oil, as described on pp. 731 et seq. On the 
whole, it seems advisable to proceed in this way; that is, to 
begin with alkal^ of, say, sp. gr. H5; then comes sulphuric 
acid of about 1-3 sp. g*.| to extract the pyridines; this is 
followed by a treatment ^ith strong sulphuric acid, sp. gr. i'84, 
to remiove the no.i-saturated hydrocarbons, etc.; and the last 
washing takes place with a weak solution of caustic soda. 

The mixing-apparatus for the chemical treatment of crude 
naphtha must, of course, be proof against the action of acids 
and alkalies. Formerly it was usually made of wood or sheet- 
iron lined with-lead,.the sheets of lead being burned together 
by the hydrogen-blowpipe. The lead coating is i to f in. 
thick. But recently cast-lrofl vessels are preferred, whicb do 
hot sd frequently need repair as leaden ones. Cast-iron is but 
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slightly acted upon by the strong vitriol, and even less so when 
the latter is charged with tarry matters. Hence cast-iron 
machinery can be employed for agitation (mixing); and the 
discharge-cocks may even ba- made of brass or gun-metal, 
which would be impossible in the case of pure acid. 

The mixers must be well covered ovei, to prevent the benzol 
from volatilizing during the operation. In the case of hand 
work this cannot be carried out so completely as with mechanical 
stirring, where the shaft pa'Sses through a stuffing-box and 
special pipes are ..provided for running-in the naphtha, acid, 
water, and alkali. 

The discharge-cocks should always be so arranged that the 
dirty acid, as well as the water, can be run out to the last drop. 
For this purpose the bottom is made to slopp to one side, and 
the cock is fixed in the lowest part in such a way that no 
portion of it prefects upwards; so that any mixtuje of the 
liquids in running out can be entirely avoided with some little 
care. < 

At small works the mixing of the naphtha with the chemicals 
or the water can be done sufficiently by hand, especially as only 
a small percentage of the tar is subjected to it. This is performed 
by means of wooden rakes, the head of which is about 15x6 in,, 
and is perforated with six or eight i-in. holes; with these the 
attendant constantly,fetch6s the acid, etc., up from the bottom,' 
which mixes it much better than mere stirring. This should be 
continued for an hour, or for half an hour at least. In this case 
the mixer may be circular or square, whilst for mechanical 
mixing it should be circular. It should be only three-quarters 
filled with the naphtha to b? washed. 

Evidently mixing by hand is v^y inferior to mechanical 
mixing, which is, indeed, preferred at' all larger works. Some¬ 
times it is done by a finely divided current of air (as described 
supra, p. 738, for carbolic oil); but most manufacturers prefer 
agitating by machinery, because the current of air carries away 
some benzene. This cannot amount to very much, as the mixing 
need not last above ten or fifteen minutes. We shall mention only , 
some of the most frequently used mixingjmachines. We have 
already (p. 738) spoken of Hiibner’s machine, constructed like 
a diurn, in which the mixing is effected by a perforated piston, 
moving up and down, similar' in principle to the mixing by 
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hand with perforated rakes just described. A similar principle 
was employed in Jung and Must’s apparatus.^ with the exception 
that the motion was not communicated by gearing, but by a 
steam-cylinder placed directly (jn the mixer, the piston being 
attached to th% same rod as the mixing-disk. Rolle’s mixing- 
machine ^ consists of a^loping cast-iron cylinder, whose centre of 
gravity is situated in the agitating-shaft,^provided with scoops 
for catching the acid and alkali, which, owing to their higher 



Fig. 183. 


specific gravity, move at tlie periphery. This machipp, as well 
as that constructed by Vc^t,“ seems less adapted for our purpose 
than either Hutner’s or Jacobi’s.* In the latter (Fig. 182) 
the cut-iron cylinder a a is surrounded by a wrought-iron 
steam-jacket, d b (which can be dispensed with for naphtha, 
but is indfspensable fqr carbolic acid, naphthalene, etc.), and has 
a conically shaped bottom. In this tapering part revolve the 

' Described by Fuhst, Dingl. polyt.J., clxvi., p. 21. 

• Wagmr‘s JahrtsbeA, \Vyii p. 680. 

* Dingl.polyt /., clxvii., p. 261 ; Jacobi {ibid., clxviii., p. 264) declares it 

to.be quite useless. * 

. * Dingl. polyt. clxviii., p. 261. 
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blades of a horizontal shaft, c, which is moved by a lateral 
vertical shaft, d, so that the contents of the mixer are'quite 
accessible. In the arrangement shown in the diagram no 
stuffing-boxes are employed, because the packing could not be 
made to stand the action of acids, and the latter soon corroded 
the journals so that no tight joint could be effected. Lining 
with lead or asbestos*" packing did not prevent this in the case 
described by Jacobi, but I have seen several cases where it has 
been successful. The steam for heating enters at f, and the 
condensation-water issues iXg\ h shows the level of the liquid; 

i ;ind k serve for discharging' the oil 
and the,washing-agents. The vessel a 
a should be cast in ontf pifece, and with 
the bottom turned downwards, in order 
to avoid flaws, which would be very 
injurious in presence of the a^id. The 
shaft e revolves forty-five or fifty times, 
the agitating shaft c sixty-four or 
seventy-two times per minute. This 
apparatus, which holds 3 tons, can be 
set in motion by two men, without any 
steam-power, as the mixing only lasts 
a few minutes at a time. 

' ‘ A very efficient form of mixer is 
shown in Fig. 183. The mixing vessel 
contains a smaller cylinder, open at top 
and bottom, and in the centre there 
is a spindle, carrying an Archimedian 
screw. By the revolution ,of the latter the acid or alkaline 
liquor, w^iich is always at the bottorti* is raised up in the inner 
cylinder and poured out over the top into the naphtha con¬ 
tained in the outer vessel. As it sinks down, it is caught up 
again by the screw, and thus a very good mixture is effected. 

A sitiillar mixer of special construction has bee^ patented 
by Burt, Boulton, & Haywood, and E. R 1 Garrett, and is shown 
in Figs. 184 and 185, whve the liquid can be made to move 
either in an upward or a downward directi^on. 

Other mechanical mixers have been constructed by the 
following inventors 

itendall and others, U.S. Ps. 1134516 and 1154517. 
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Kraemer and Spilker (Muspratt’s Chemie, 4th ed., viii., p. 
23) show a mixer, the bottom Of which is formed as a cone, in 
order to facilitate the settling and drawing off of the acid resins. 
At the point of th? cone there are two taps, a large and a small 
one. The former serves for quickly drawing off the purified 
oil and the bulk of ttie acid; the small tap (with a swan-neck 
outlet),for cautiously taking away the last portions of the acid. 

The “Turbinenmischer" of the Draiswerke, at Mannheim- 
Waldhof, has in its .semi-globular bottom part a turbine-wheel 



Fig. 184, Fic. 185. 


which takes up the materials in the centre and hurls thetn 
violently against the sides. 

Sexauer (Ger. P. 185488) employs a vessel, in the centre of 
which a shaft, pn which one or two perpendicular swan-neck 
pipes (open at top and tio’ttom) are mounted, is revofving at a 
moderate speed. By tRe action of centrifugal force the lower, 
heavijr liquid ri.ses up through the pipes and comes out at 
the top in a continuous stream. 

The jnixer should be placed at a sufficient elevation to run 
both the acid and tfie other liquids into suitable places. The- 
dirty acid is sometimes emptied into carboys, but is usually 
carried away to an Qutside tank by a lead spout. • 

The washing-w.ater is not run straight away, as it is qex^ 
to impossible always to prevent a little oil from coming^long 
with'it.^ This oil can be saved by the drain commencing in 
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the mixing-house itself with a catch-pool, in which the 
washings are first collected. The floor is made to slope from 
all sides towards this catch-pool, so that any oil spilt 
anywhere can be washed intp it. The liquid does not run 
into the drain from the top of the catch-pool, fbut through a 
pipe reaching nearly to its bottom, bent <at an angle at the top 
and passing through its side into the drain. Since the drainage 
thus takes place from the bottom of the catch-pool, the oil 
remains quietly at the top, and is taken off from time to time. 

Koppers (Amer. P. 1157988) describes an apparatus for 
treating benzene with Sulphuric acid. 

The operation of mixing is performed in this manner:— 
the naphtha has been pumped into the mixer, it is first allowed 
to rest quietly for some time; and the never-failing water, 
which collects below, is completely drawn off before adding the 
washing chemicals, which would otherwise be diluted. A 
careful workman can, in this and all similar cases, run off the 
water without a drop of oil, by cautiously regulating the tap, 
observing the colour and touching the liquid with his finger. 
If any oil should run off through some mishap, it is retained in 
the catch-pool. 

When it was usual to comm'ence the chemical washing with 
strong oil of vitriol, the previous removal of the last traces of 
water from the naphfha Was very important indeed. When, 
however, the beginning is made with an alkaline treatment 
{supra, p. 871), it is not quite so important to remove the last 
traces of water before this, but all the more so before proceeding 
to the treatment with concentrated sulphuric acid. 

The quantities of alkali apd acid used for chemical washing 
should bet-fixed by preliminary tests pPsformed in the laboratory, 
as described on p.,732. Of course there must'be always more 
taken than is just necessary for effecting the chemical reactions, 
as these are partly of a complicated and varying character, 
more especially in the case of concentrated sulplyiric acid 
isupra, p. 869). 

After completing the allfaline treatment, we come to the treat¬ 
ment with sulphuric acid. When, as now, usual, the pyridine 
bases are to be recovered, the first acid employed is only of 
Sp.'gr. 1-3, as we shall see in the last part of this chapter. 
After* this follows a treatment with i per cent, acid of sp. gt. i-?, ' 
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which is meant to take up the water, and this is again followed 
by the proper treatment with acid of sp. gr. 1-84, of which 
enough must be used to effect a thorough purification. We 
may commence with 2 per cenj. of this strong acid, agitate for 
ten minutes, allow to settle, draw off the acicKtar (which occupies 
about twice the volume of the acid employed), add another 2 per 
cent, strong acid, and proceed as before.* After this we should 
test the naphtha in the laboratory (which can be done during 
the hours required for settling) in tha manner to be described 
hereafter, and if this test shows the necessity of applying another 
I or 2 •per cent, of strong acid, thjs ^ust, of course, be done 
before running the purific^ naphtha into another washer,* 
where it is Preated, first with water and then with dilute caustic 
liquor, as described below. 

With a mixing-machine, ten or fifteen minutes suffice for 
thoroughly churning up the chemicals with the oil. After this 
at least three hours must elapse to allow the liquid to settle. 
It is best to mix at the end of the shift, and to let fche liquid 
settle overnight, but not any longer, because otherwise the dirty 
acid turns so thick that it will not easily run out; sometimes 
great lump’s of a pitch-like substance are formed, which choke 
up the tap. If the acid is too tRick even after shorter settling, 
this is a proof that very many impurities were present— e.g., tar 
which frothed over into the first ruftfling^ or light oil from the 
light^oil still. In such a case more acid should have been used, 
and more alkali will have to be used afterwards. Thus even 
previous mistakes of the men can be subsequently discovered. 
On the other hand, if the dirty acid is too thin, this is a sign 
that too much acid has been use(^, or that the water had not 
been completely’run off gfeviously. Neither of these* mistakes 
ought to occur. Generelly the acid will be found to have 
doubled its bulk by taking up tarry matters. 

Kifsch (Ger, P. 181255) describes a process for facilitating the 
separation of the resinous masses separated from the tar-oils 
by the action of stroflg sulphuric acid. *His apparatus allows 
of heating the lower portion of thg resinous mass and thus 
making it more fluid, while the upper portion is kept cool and 
more viscid, so that the mass is prevented from rising upwards* 
into the oil. The greater fluidity also facilitates the drawing 
off of.tife acid-tar. 
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The acid should be run out to the last drop; the bottom of 
the mixer must be constructed accordingly (p. 874) ; for any 
remaining acid, on being diluted with the washing-water, 
separates a large portion of the dissolved bodies and thus 
contaminates the naphtha over again, certainly more mechani¬ 
cally than by solution, as the tarry matters, when changed by 
sulphuric acid, are hardly soluble in naphtha. For this reason 
alone the dirty acid or -ivasic acid (also called acid-tar') must 
never be run off through the catch-pool and common drain 
(P- 875), which would be stopped up directly; it must be 
run by an open shoot inlb a special tank, or into carboys, tqnks, 
e'tc. Wooden casks last some time, as the corrosive action of 
the acid is greatly weakened by its tarry admixtures ; but they 
are acted upon in course of time. The acid should never be 
run straight into a public watercourse, as it is fatal to all animal 
life. ■ f 

V. Falck (Chetn. Zeit., 1885, p. i86g) proceeds as follows in 
order to (prevent naphtha from being carried away by the last 
portions of the acid in the form of an emulsion, and at the 
same time to avoid the contamination caused by adding water 
to the naphtha when still containing acid. After having drawn 
off the first acid-tar, he agitates the naphtha for fifteen minutes 
with 0-5 per cent sulphuric acid at 142° Tw., draws off this 
acid, and repeats the opfeSation with acid of 106° Tw. By 
diluting the waste acid in this manner, it is possible to 
remove the last traces with water or alkalis, without forming an 
emulsion. 

The first treatment with strong sulphuric acid is followed by 
a second treatment with such acid. After three-quarters to one 
hour’s agitation the liquid is allowed-to settle, and the acid at 
the bottom is run off. This second washing-ctcid is forced up 
again by air-pressure, and used in the next operation for the 
first washing, so that all the acid which enters into the process 
is used twice over for washing the benzol. Even thep it is not 
thrown away, but utiiized for the manufacture of sulphate of 
ammonia, as we shall see later on. 

When the acid has been drawn 0^, washing with water 
follows. Water amounting to about one-fifth of the bulk of the 
naphtha is run in, tjiixed up with it for a quarter of an hour, 
and allowed to settle for half an hour. The water, which has 
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now acquired a deep red colour, is run off by the bottom tap, 
every precaution being taken against oil coming along with it, 
and flows away through the catch-pool sunk in the floor of the 
house (p. 876). This operation repeated three or four times, 
and, if the fourth"water is still coloured, even a fifth time. 
Even- the fifth water tr.stes rather bitter, perhaps from naphtha; 
it may also react very faintly upon litmifs; but it ought in no 
case to show any colour. 

These washing-waters’are utilized tfor diluting the strong 
acid-tar, which thereby separates into two lasers. The bottom 
laj'er consists of a tolerably pure, although brownish acid of 
sp. gr. 1-30 to 1-35, which is used for extracting the pyridine 
bases, or m the amm’onium - sulphate department of the 
factory. The upper portion is a thick solution of resin in 
benzol, containii^g some substances in suspense. It must 
anyhow not be run away, on account of lits noxious pro¬ 
perties, but neutralized with lime, whereupon the benzol 
rtiay be recovered by a treatment with steam. Th^ residue 
remaining behind is a resin, almost solid at ordinary tem¬ 
peratures, which ma}' be used as a kind of asphalt for pave¬ 
ments, etfc. ’ • 

The total quantity of strorfg sulphuric acid required for 
purifying 90 per cent, crude benzol may amount up to 10 per 
cent, by weight, according to the quality of the benzol. The 
loss af weight of the benzol is about 7 to 12 per cent, in the 
case of 90 per cent, benzol, but it may be considerably greater 
in the case of the higher-boiling products. The loss of the 
mixture of first runnings and light oil, as it is now usually 
treated, through washing with sulphuric acid is on the average 
8 per cent, by \?olume. ,}n the case of good oils it 'may go 
down to 5, or eyen to 4»per cent., and in the case of inferior 
oils it may get up to 12 per cent., always supposing the work 
to be ’carefully done, for in the opposite case, when much 
naphtha runs away with the water, the loss may get up to 
twice or more than that just stated. * 

The last operation is the seconcj alkaline treatment with 
dilute caustic-soda solution,.say, sp. gr. I-ICX). This liquor is 
gradually added during the agitation until a change of colour 
takes place in the tar-oil, when nothing further is added. 
Usualiy^he colour changes from reddish brown to light brown 



880 


LIGHT OIL 


or brownish-yellow, and that very abruptly; but sometimes 
blue or purple colours are observed. Finally, the liquids are 
well mixed up, and then left for an hour to settle; the caustic 
liquor is drawn off from the^bottom; the naphtha is twice 
washed with water, and is now ready for distillation. In 
Lancashire sometimes milk-of-lime is used instead of caustic 
soda; 

The yellowish colour of the crude benzol is changed by the 
action of sulphuric acid on certain of its impurities into a purple, 
or else into a brown-red shade, but this goes away during the’ 
subsequent operation, 'llnd- gives place to a slightly milky 
appearance and yellowish-brown colour. 

When testing purified naphtha by distillation,'the boiling- 
points are usually found rather higher than those of the 
unwashed -naphtha. This proves that the removal of less 
volatile bodies (phenols, naphthalene, bases) is more than 
compensated by that of more volatile ones (methanes, olefines, 
sulphur compounds). Complete purification, so that nothing 
but benzene and its homologues remain, cannot be expected; 
carbon disulphide especially remains, often in very appreciable 
quantities; and even the " chemically pure ” descriptions of. 
benzene, toluene, etc., formerly, till Victor Meyer’s discovery of 
thiophen and its homologues, contained these substances 
without anybody being atvSre of it {cf. p. 286). 


Other Processes for Treating the Light Oil. 

Older Processes .—The washing process described above is 
probably that now generally employed; that is, washing first 
with alkili,then with sulphuric acid, a'rvd again with a little alkali.. 
The employment of the other process*, both tkose described in 
our former editions and those to be mentioned below, seems to 
have been discontinued. 

Mansfield used, for every gallon of benzol, J lb. of sulphuric 
acid and i oz. of nitric acid of sp. gr.‘ 1-30, sometimes also 
a little bleaching-powder rand hydrochloric acid. For toluene 
he took J l,b. sulphuric and J lb. nitric acid. For the alkaline 
‘'treatment he employed lime-water or caustic-soda solution. 

> The,^lcss volatile hydrocarbons'were boiled for five or six 
hours with a quarter of their volume of caustic-soda kphition, 
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sp. gr. I-30, with reflux of the distillate; the liquid was 
then distilled and purified by dilute sulphuric, nitric, or 
hydrochloric acid. 

Ronalds and Richardson prgscribe treating the light oil 
twice with sulphuric acid, mixing for several hours, whereby 
.much heat is evolved ^probably by excessive action), washing 
with water, and finally with lime-water oi* dilute caustic soda. 
They warn against allowing the light to act upon fresh naphtha, 
because the water will not readily settla down under the action 
of light. 

"Y^ouitg (quoted in Hofmann’s F^epii-t of the Juries, 1862, 
p. 140) treats the crude oil with bleaching-powder, gradually* 
adds dilute* hydrochloriT; acid, and at length caustic-soda 
solution; the oxidized products collect at the bottom as a 
black layer, front which the clear oil is easily drawn off.. 
In this. \’^ay the tar from gas-works in i^hlch the richer 
Scottish cannel coals are used is asserted to be advan¬ 
tageously converted into the ordinary products of the<)araflfin- 
oil industry [?]. * 

According to Breitenlohner’s experiments with peat-tar oils 
{Dingl. polyt. /., clvii., p. 378), the employment of oxidizing 
agents, as well as lime in lieu of*caustic soda, leads to so much 
inconvenience, that, after all, sulphuric acid and caustic soda 
must eventually be resorted to. 



Fia. 186. 


H. Hirzel (Ger. P. 34315) combines the distillation of the 
oils with the chemical washing in one operation, by intimately 
mixing the vapours of light eil, etc., with the chemicals (aci 3 , 
caustia l^uor) in the state of a spray. In Fig. 186, a is*the 

-• IX 
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still, b the, injector (spray-producer), c the pipe conveying the 
steam, d that conveying the chemical agents, e the preliminary 
water,/the proper condenser. 

Fritz Schwarz (Ger. P., I3,th March 1904) applies sulphates 
in addition to sulphuric acid; preferably a mixture of fuming 
sulphuric acid with sodium or potassiunv bisulphate. 

Glaser and Burstenbinder (Ger. P., appl. C15062, class 12). 
apply, after the usual washing with sulphuric acidj another 
washing with hydrochloric acid, whereby the hydrocarbons are 
obtained almost entirely devoid of smell. 

Nordhausen oil of iAlnql is proposed for washing tav-bf nzols 
'by the Badische Anilin- und Sodafabrik (Ger. Ps. 92018 and 



, Fig. 187. 


93702). An addition of 4 per cent, of this agent, containing 20 
to 25 per cent free SO3, is sufficient This is introduced as a 
spray into the benzol, kept in agitation, after havfng first 
dehydrated the latter • by means of ordinary concentrated 
sulphuric acid (i- 84 ). The apparatus,‘Fig. 187, consists of a 
cylindrical case D*, in wl],ich are fixed two concentrical tuyeres 
DVand Dl Into the inner tuyere D‘ is introduced compressed 
air or gas/and into the space between D‘ and D* the acid to be 
sprayed. Above the tuyeres the tube D* is contracted; the 
wider orifice F can be closed by cap K; the bottonroiifice is ■ 
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provided with slots E for the passage of the liquid. The 
apparlitus is fixed at the lowest point of a tank filled with tar- 
oil‘and is started by forcing compressed air or gas through A 
and D*, keeping open, and thus violently pushing the oil 
upwards through F, other oil entering again at C, so that a 
circulation is effected.* The Nordhausen^acid arrives through 
B, and qn contact with the streams of air from D* and oil from 
D® it is carried forward, cpnverted into spray and mixed with 
the oil. When the spraying is finished, K is closed and air is' 
blown in through A and E, to agitate thp oi^from the bottom. 
This, causes the acid-tar to agglomerate, and to settle rapidly 
after ceasing the agitatioij. Djiring the settling cap K prevents 
the a^id-tar Trom getting into D® and stopping up the tuyere.s. 
The apparatus is jo constructed that the acid-tar cannot stick fast 
anywhere, but always runs off. In order to avoid losses through 
the volatility of benzol, this is agitated by itself, by first filling 
the agitating-vessel to a height of from 3 to 5 ft. before forcing 
in the remaining oil (from an elevated tank) together*with the 
sprayed acid. The acid-tar does not act upon cast-iron blowers 
or pumps, if the surfaces of the moving parts are protected 
from moisture*by petroleum or lubricating oil where they are in 
contact with the air. The consumption of Nordhausen acid is 
only about half that of ordinary sulphuric acid, the results are 
better, and the waste of oil is smallfeE After drawing off the 
-acid-tar, the treatment with water and alkali is performed in 
the usual manner. This process should not be applied to 
crude, watery oils, but only as a preliminary to separating 
the pure hydrocarbons. 

Thiele, Parker^ and Fincke (Gcf. P. 133426) employ 
acid for the purification «dT crude benzol. The nitrftes and 
nitro-compounds»formed ^re taken out by finely divided zinc, 
aluminium, eta, lii the presence of caustic alkali, whereby they 
are reduced to amides. 

Walter^eld (Ger. Ps. 202349 208190) purifies tar-oils for 

special purposes by simultaneous treatm'ent with substances 
containing sulphur and other substances which can separate 
the sulphur from thp former {e.g., 2HjS-|-S02=S3-|-2Hj0). 
The separated sulphur dissolves in the tar-oil which is recovereji 
by distill^ion. 

• Gatlmann (Amer. P. 768796) causes during the distillation 
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a current of hot air to circulate through the liquid under 
reduced pressure. ' 

, Locality for carrying out the Chemical Treatment of Crude 
Benzol and Naphtha.—TYit mrlxing-apparafus is best fixed in 
the same room as the steam-stills with their receivers and 
'the receivers of the benzol-still (see bdiow). Considering the 
great danger from fire, this building should be constructed 
without any wood, with an iron roof (for instance, one made 
of corrugated sheet-iroh). The roof should be provided with 
movable ventilattprs j . and the windows ought to possess 
iron shutters, which cat^ be tightly closed from without with the 
least possible delay. Open fire,(evep matches) ought never to 
be tolerated in this room; it should be lighted 'by refiectors 
from without,' or by electricity. Inside and, outside hydrants 
and hose should be provided, so that every place may be reached 
by a jet of water.' It has been observed that pure water is not 
very suitable for putting out fires of light tar-oils, because these 
float on' the top ; but ammonia-water, which is always at hand 
at tar-works, does excellent service in this way, probably owing 
to the volatilization of ammonium carbonate and sulphide; ® and 
putting on sand, ashes, and the like acts better than water. The 
safest plan would be to provide one or more pipes leading from the 
steam-boiler into the room, through which it could be filled with 
steam by taps or valves Messible from the outside ; thus the air 
would be driven out and the fire quenched; but there must be 
a large volume of steam, and it must issue in several places all 
over the room. The doors and windows should be in this case 

' A case has come under my cognizance, and has been described by me 
{.Dingl. polyt. vol. cclix., p.'138), where, in a petroleum-refinery, the 
vapours issuing from a hot still, after the marfiole had been taken off, escaped 
in such quantity that an explosion was caused by their taking fire on a lamp, 
burning outside the building, at a distance of 20 ft.; the “flashing” caused 
the fire to be propagated back into the building, which was cbmpletely 
burnt down. 

* I noticed this mapy years ago, also in my, German work-on tar-distil¬ 
ling, published in 1867 (p. loi). Some time later Mr WStson Smith made 
the same observation, and strongly recommended the use of gas-liquor (to 
bee stored in close tanks and provided with suitable piping and forcing 
power) for extinguishing fires in cotton-mills Strong ammonia liquor has, 
b!een also recommended for putting oyt petroleum fires by a Committee oL 
the Munich Polytechnic Society {Fdrber-Zeit., No. 26, 1882; ft^Soc, Chtm, 
/«/., 1882, p. 351). ^ “ 



TREATMENT OF THE WASHED NAPHTHA 885 

provided with automatically shutting iron dampers which can 
be worked all together by a single pressure on a knob, or 
something like that. 

For the extinction of fires, ^ue gases (from steam-boilers, 
etc.) have bee* frequently recommended, as both their low 
percentage of oxygen and their contents of carbon dioxide act 
in this direction. Harker (/. Soc. Chem. Ind., 1915, p. 157) 
describes an apparatus for that purpose, the principal portion 
of which is a fan driven by a turbine! 

. For extinguishing benzine fires liquid^arbon dioxide has 
been redommended; this can be blown fin to the burning place 
directly from the iron bottlgs by means of hose. Carbon 
dioxide is also used for this purpose in the form of froth 
produced in a sj)ecial apparatus (styled “ Perkeo ” by the 
inventor) which contains two separately kept solutions; ist, a 
solution (jf sodium bicarbonate, extract of liquorice root, and 
sodium sulphate; and, potash alum and sodium sulphate. 
These liquids get mixed before reaching the burning place, 
where they produce a dense froth and extinguish the flame. 

Breslauer (Amer. P. 955316, transferred to the Minimax Co., 
Ltd., London)^ extinguishes the flame of burning benzin, etc., 
by squirting on to it an oxyhaloid of sulphur by means of 
compressed gases. 

If the benzol factory is reasonatfly laid out and carefully 
managed, there is no danger of fire, since (according to M. M. 
Richter) the benzols do not, like petroleum benzin, produce 
electrical discharges by friction against the insides of tubes and 
vessels. 

On account of the poisonous properties of benzols (mentioned 
supra, p. 230), all 1ocalitie%ln which benzol is handled ’must be 
well lighted, rooray, and vtell ventilated. 


Treatment of the Washed Naphtha. 

This can be effeefed in various wajTs. Some distil the 
product at once by steam, as will tje described in the next 
chapter, and collect the distillates as benzol, solvent-naphtha, 
etc.; others interpose a distillation by direct fire and fractiona¬ 
tion. The former process s*ems at first sight shorter ^and 
simplejr^)ut it is advisable only when time presses, since by 
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this plan the last products, especially the burning-naphtha, 
cannot be kept from discolouring in the- course of time. • This 
can be easily prevented by employing the second process, 
distilling once more over a direct fire, and making two or three 
fractions. .. 

This is done in a still exactly like that used for light oil (p. 
858); for the sake of cleanliness, it is advisable not to employ 
the light-oil still itself, but a special crude-benzol still. Its worm 
is made of lead, and, on account of the great volatility of benzol, 
is rather long. The still and its worm are placed under a shed 
outside the mixing-hotsebut the three receivers are e,ither 
placed inside the house, or at le^st connected with it by pipes 
so as to be accessible from within. Ttey consist of well-riveted 
iron boxes with a manhole and a small hole for running m the 
distillate from the worm ; the latter hole musi just fit the pipe, 
and should be closed by a plug except when in use. This is 
done both to prevent any loss by volatilization and the danger 
from fire, since benzene vapours, even very much diluted with 
air, take fire most readily. 

In firing, the same principle is followed as usual—strong 
firing during the heating up, to be moderated Imniediately when 
distillation commences. At first the cooling-water is run as fast 
as a I-in. water-pipe will permit, so that the distillate runs off 
quite cold ; only towards ‘the end should it run out tepid. 

The fractionation is regulated by a thermometer, which is 
fixed in the still. This has the drawback that the attendant 
must be depended upon for changing the receivers at the 
proper time. But he can' be easily controlled by distilling 
100 C.C. from a glass retort with thermometer, and noting the 
quantities passing over at the desireci temperatures; according 
to very many experiments made by inyself, the same result is 
obtained as on the large scale. The volumes thus found arq, 
calculated for the quantity put into the still (as meastired by 
an iron gauge-rod in the mixer, or in any other way); and the 
attendant is instructfed to run so many inches’ depth into each 
receiver. If there are tables of the contents of each vessel, the. 
whole, including the calculation, can be,done in ten minutes. 
By this plan a thermometer in the still itself can be dispensed 
witlj, altogether. < 

The fixed points of the fractionation will vary ^cording 
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to the desired final products. For 90 per cent, benzol, 
the fifst fraction is made at ilo°, the second at 140°, the 
third at 170°, and the still is then stopped. For 50 per 
cent, benzol two fractions suffic*, up to 140° and from 140° 
to 170°. The «econd fraction, as we shall see, yields next 
to nothing distilling below 100°, and therefore serves only 
for napjitha. It is not advisable to go beyond 170°, as 
this would injure the quality of the last naphtha; it is 
better to allow the still to cool overnight, and to work 
up the residue separately, together with light oil, in order to 
extract bvery trace of benzene homoWgues. The distillation 
of about 750 gall, lasts eighj or nine hours; the still rarely 
needs cleaniflg. 

Tfie following table gives some idea of the quantities of 
the products obtained, in percentages by volume of the raw 
matericfl •.-r- * 



Distillate up to 
140 * , 

(Qrat product). 

Distillate from 
I 40 »tol 70 '' 
(second product). 

Reslioe in the 
still. 

First ruTinln^s'^Idne 

60 to 6t 

15 to 17 

20 to 22 

Lid^huoil naphtha • 

30.. 33 • 

40 


Mixture of both 

48 „ 5 J 

22 to 26 

... 


Utilization of the Waste Acid from washing Tar-oils 
{Acid-tar). 

The specific gravity of the waste acid, when concentrated 
oil of vitriol has been used to begin with, is about 1-365 ; and it 
generally contains as much acid as corresponds to about 45 per 
Cent, rectified oil'ofvitrio^* It is for the tar-distiller tfie most 
troublesome wasrfe product imaginable, killing, as it does, all 
fish in canals, brT jks, and rivers, and is perceptible at great 
distandfcs by its stench and the red colour of the water. Of 
course the distillers have always incessantly tried to work it up 
in some way, even without any profit That this was no easy 
matter seems proved by the fact that in none of the tar-works 
visited by me in 1880 had any use been found for this acid, jnd 
that it was, everywhere allowed to run away or sink into the« 
ground somehow. In any casJ, it ought first to be neutralizhd 
"with, UbiC before doing so. 
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Of course, those tarry substances 'would do no harm in the 
cases mentioned on p. 368, where coal-tar is treated by acids 
for the purpose of converting it into a sort of asphalt, etc. 
Recently the state of matters has been entirely changed by the 
uses found for the pyridine bases taken up by the acid-tar; 
we shall reserve its treatment for this purpose to the close of 
this chapter, and first deal with the other uses proposed for the 
acid-tar. 

If tar-acid is diluted with its own bulk of water, most of the 
impurities rise to the surface as a tough, tarry substance of most 
disagreeable smell, and'^can be skimmed off. This siibstance 
ioes not occupy much bulk, and can be got rid of by burying 
it in the ground or, wherever the escape of sulphurous acid 
is of no consequence, by burning. It dissolves in alcohol with 
a fine red colour, but is insoluble in benzene or naphtha. A 
patent, taken out'by W. P. Jenny in Germany (No. 3577), refers 
to the vitriol-tar from the washing of petroleum; but if it is at 
all useful, it must also apply to our case. According to one of 
his methods, the acid is to be diluted with its own bulk of water; 
the tarry oil precipitated is to be washed several times with 
boiling water, and at last with a little soda, h is then dis¬ 
tilled up to 250°, and the residue in the retort treated for forty- 
eight hours with a current of air. The oxygen is absor'bed with 
avidity; and a mass is formed which, after cooling, forms a 
dark-brown resin. According to the other method, the' dirty 
acid is heated to 100° or 150° for several days, till a sample 
sinks down in water. It is then poured into water, and the 
precipitated substance is washed with much water; or else its 
own bulk of petroleum spirit is first added, in which case the 
mixture‘floats at the top. The protiuct is more or less hard, 
according to its degree of oxidation, and is insoluble in water, 
alcohol, and alkalis, but soluble in all fats and oils, naphtha, 
benzene, etc., as well as in the strongest sulphuric acid. " Melted 
up with indiarubber or guttapercha in different proportions, 
it forms an elastic body which can be used as an insulator; 
dissolved in light petroleupv spirit, it yields a serviceable asphalt 
varnish. 

The dilute acid remaining behind is still red or brown, and 
disagreeably smelling, as it retainc some of the tarry substances, 
especially all the bases (pyridine, etc.) and sulphonic at^s. It 
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has been proposed to employ it for decomposing the phenolate of 
soda (•p. 744); but it is not suitable for this purpose, since besides 
the colouring-matters, the sulphonic acids and bases would spoil 
the carbolic acid. It may, however, be used for making super¬ 
phosphate, and jn ttiis case the tarry substances might do some 
good by protecting ro»ts against insects, etc.; it has been used 
for this purpose in Scotland (Mennicke, Z. angeiv. Chem., 1900, 
p. 10313. Small quantities of that dilute acid can be got rid of 
by making sulphate of iroii or copper. . 

. The Socidte Oleo-graisse proceeds according to Rave’s pro¬ 
cess, {cf. Thompson, /. Soc. Chejii^ ltd., ft88, p. 303). The 
acid-tar is kneaded with iron, copper, or zinc borings, A 
little in excess of the* quantity required for neutralizing 
the acids. When that purpose has been effected, the mass is 
treated with hof water, whereby the sulphates are dissolved 
and bpoqght to crystallization later on ; the .melted resins rise 
to the surface. These, after being well washed with water, have 
the mechanical properties of soft asphalt. This is rendei^d harder 
by heating in a still and collecting the naphtha. The remaining 
asphalt may serve for many of the purposes of natural asphalt; it 
resembles* fndliarubber in elasticity, and is sold as “mineral 
caoutchouc bitumen.” A ton oHacid-tar furnishes about 10 cwt. 
of this purified asphalt. If heated further in a still, until only 
five-tenths remain, the residue forra^ a m,ass almost as hard as 
ebonite, soluble in naphtha—an excellent insulator for electricity, 
not acted upon by acids and alkalis, and well adapted for 
electrical insulation as well as for covering acid-tanks. By 
interrupting the distillation at intermediate stages, dififerent 
degrees of hardness can be produced. The heated mass carf be 
pressed into moulds, Iike^papier-m 4 ch 6 . If mixed with 40 per 
cent, sawdust aiid a littie lime and hot-pressed, an excellent 
fuel is obtained, »vhich burns without melting and with very 
little a'bh. On dry distillation, the asphalt is equal to the best 
coal for the production of gas. By dissolving it in petroleum or 
naphtha, a good black varnish is obtained which adheres very 
strongly to metals. When heated in a still, it yields first 
naphtha, then (J) light oils, then (^3 heavy oils, similar to, the 
higher paraffins, and in the residue a very hard metallic-lookingi 
carbon, which is a good conductor and very suitable for carbon 
electi^QlRs, etc. 
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Before Jenny and Rave, Grotowsky had worked the acid-tar 
from lignite oils for asphalt 

Bengough (Ger. P. 138345) prepares from the acid-tar highly 
sulphuretted hydrocarbons whicji can be used for pharmaceutical 
purposes. When heating the acid-tar with caustic lime, nearly 
exclusively non-saturated hydrocarbons are formed which 
combine with chloride of sulphur (S^Clj,), yielding viscous, 
brown, oily substances. Most suitable for this purpose'are the* 
higher fractions of the distillate. 'Thus sulphuretted hydro¬ 
carbons are obtained, containing up to 30 per cent sulphur, 

. which are not identical i.;ith the products obtained by means of 
• free sulphur. The latter contain less combined sulphur, have a 
different smell, and are not so easily'convertible by sulphuric 
acid into sulphonic acids. 

Grousilliers (Ger. P. 43900) mixes th'e acid-tar with 
. sufficient sodium, or potassium sulphate to form bisulphate; 
thereby the impurities separate as a thick tar. 

Schwprz and Bauschliger (Ger. P. 46101) expel most of the 
tar by heating the acid-tar to' 150°, allow to cool, add 2 or 3 
per cent, of sodium nitrate, and heat slowly to 40° or 80° C. 
The resinous matters still present are now separated as a car¬ 
bonaceous crust; the acid is freed from nitric acid by heating. 

Veith and Schestopal (Z>f»,f<!'.cclxxix., p. 21) mix 
acid-tar from petroleum with the waste alkali from the same 
process and with lime, and work the mixture in a black-ash 
furnace by the Leblanc process, the resinous matter replacing 
the coal in this process. 

Heinrici [Z. angew. Chew., 1898, p. 525) tried to work 
acitl-tar (from lignite oils) for sulphate of alumina or alum, but 
without economical succes?. Decolerizing bj^ kieselguhr was 
not more fortunate. But success was, attainecj by the follow- 
ing process for manufacturing sulphur or pure sulphuric acid. 
The acid-tar is mixed with | of its weight of lignite-coke 
and heated in a retort, whereby all the sulphur is given off as 
SOj. The gases are first freed from water by cooling, and then 
passed through washers charged with heavy paraffin oil, where 
mosj of the empyreumaJs retained. They are then passed 
.through a stoneware pipe filled with lignite-coke, heated to 
su^ a temperature that all the SQ, is reduced to S, buUio CSj is 
formfed. The sulphur is condensed by cooling, and fijfi COj 



UTILIZATION OF THE ACID-TAR 891 

formed is employed for decomposing the solution of creosote in 
soda. • 

Wolniewicz {Chem. Zeit, 1889, p. 1098) dissolves iron, copper, 
or' zinc in the diluted acid-tar, ^nd employs the solution for 
pickling timber, previously impregnated with resin-soap, where¬ 
by metallic resinates aie formed, which according to experiments 
made by Kretzschmar {ibid., 1889, p. *31) have prominent 
conserving-properties. 

Ragosine and Dworkowitsch (Ger. P. 43453) convert 
the acid-tar into iron salt, and utilize this, by heating, for 
sulphurous acid and Nordhausen ojl #f viftiol. 

At Young’s paraffin works near Edinburgh, the acid-tar was 
formerly evaporated to ‘dryness and the residue burnt. The 
sulph'bric acid is thus converted into sulphur dioxide, which was 
utilized in vitrioPchambers. In the great majority of cases no 
vitriol-chjimbers are at hand; but the vitrigl-tar might still, 
without dilution (best, perhaps, mixing it with sawdust), be 
converted into sulphur dioxide by heating in iron vessels, and 
that compound be utilized for* preparing sulphites or hypo¬ 
sulphites (thiosulphates), or for other purposes. 

This prdpAsal (made in the first edition of this work) has been 
strongly recommended by KoShler in the Cltem. Zeit., 1885, 
p. 777. Attention is there drawn to Roessler’s proposal for 
producing cupric sulphate by the *9tion^of SO^ and air upon 
coppfer (Ger. P. 22850), and to the employment of SO^ for 
decomposing sodium phenolate {cf. p. 745). For the last- 
mentioned purpose the empyreumatic substances are to be 
removed by washing the gas first with water, then with 
sulphuric acid, and then passing it through cylinders filled 
with freshly ignited chajjeoal. A Korting’s injector aspirates 
the gas and forces it through the solution of sodium phenolate. 
After separating t'.ie carbolic acid, thus set free, from the solution 
of sodium sulphate, the latter can be reconverted into caustic 
soda by boiling with lime, and the calcium sulphite formed can 
serve for evolving mcfte sulphurous acid, while the caustic soda 
is used over again for extracting the carbolic acid from crude 
carbolic oil. Thus Ae soda would not be lost, and the logs of 
carbolic acid, dissolved or suspended in the solution of sodiunv 
sulphateyir chloride, as formed in the ordinary process, wdlild 
be eqjj^tlly avoided. 
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Stolzenwald (Ger. P. 212000) recovers by gradual heating of 
the acid-tar all the oils contained therein, and deconiposes 
the remaining resinous and tarry matters by increasing the 
temperature to about 240°, wh^eby, according to his statement, 
most of the sulphuric acid is recovered in such a state of purity 
that no further decomposition of it takes place even when 
concentrating it to "the highest degree. This is brought about 
by “ boiling elements,” consisting of acid-proof cast-iron pipes 
with alembic, gas-pipe^ and outlet^ for the liquid which by 
means of dampers in the flues are gradually heated more 
strongly from the bottom to the top, so that at the upper 
dutlet the temperature of 240° is reached. By this process 
he obtains oils, sulphuric acid, sulphur dioxide, and carbon; 
the latter remains with the sulphuric acid and is got out by 
settling or filtration. 

Schildhaus and Condera (U.S. P. 956184,/. Ind. and Eng. 
Chein., 1910, p. 797) carbonize the acid-tar in a retort, with 
introduction of heated air, and thereby obtain: 1st, a gaseous 
mixture of SO^, air, and small quantities of CQ^ and hydro¬ 
carbons; 2nd, liquid hydrocarbons; 3rd, coke. The tempera¬ 
ture within the retort, as well as that of the air-iritroduced, is 
preferably kept at 250° to 350°; The acid-tar is run as a thin 
jet into the retort, which is provided with an endless screw; 
the escaping gases and vapours are cooled down, the liquefied 
hydrocarbons are removed, and the remaining gaseous mixture 
is washed, first by heavy hydrocarbon oils and then by 
concentrated sulphuric acid, in order to remove all hydrocarbon 
vapours. There remains in retort a porous, brittle coke which 
by means of the endless screw is continuously drawn out into 
a closed chamber. ' 

Precisely the same process is described ,in the German 
patent. No. 224566, of the Steaua Romana Petroleum Company. 
Another German patent. No. 221615, of the same firm describes 
the manufacture of technically pure sulphuric acid^ from the 
acid-tar by running if?, either in a dilute state or re-concentrated 
after dilution, into boiling concentrated sulphuric acid, at the, 
san^e time passing air through this, and condensing the 
lescaping vapours in suitable receivers to pure sulphuric acid. 
The presence oT concentrated suJphurij: acid is only^ required 
for the starting of the process. The feeding with blaqllf;. acid 
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is regulated in such manner that the temperature in the pan 
remaihs constant. 

We can here only refer to the paper of Zaloziecki {Chem. 
Rev. Fett-Ind., i8j8, p. 27), who recommends working the 
acid-tar for ahiminium salts, etc.; and that of H. Frasch 
{ibid,, iSpSj p. 28), ft^ho recovers organic colouring-matters 
from tlje same. 

Wedge (/. Soc. Chem, Ind., 1899, p. 345) describes the 
concentration of dilute waste acid frorti petroleum-refining by 
surface heat, by means of oil-burners, followed by distillation 
in a.still, to obtain acid of 66° B< 5 * ftuhler (Ger. P. 287755^ 
describes an apparatus ^or tlys purpose. 

Wischin*(Z. angew. Chem., 1900, p. 507) discusses the 
proposals made up to that time for dealing with the waste 
acid in the industry of mineral oils, but without adducing 
anythifig* new. • 

A very important use of the waste acid, which at some 
works permits disposing of it entirely to great advantage, is that 
for making sulphate of ammonia. This has been done to a certain 
extent fora longtime past, and I have myself proposed it in the, 
first edition of this work, employing such acid previously freed 
from most of the tar by the addition of water. But this makes the 
acid inconveniently dilute, and most works consequently do. not 
choose to practise it. In the raw stAe the acid cannot be used 
directly for the manufacture of sulphate ofammonia, because the 
nauseous tarry substances would make the latter product unsale- 
- able. There is, however, a way out of this difficulty, which has 
been utilized at several works for some time, every one of them 
believing it to be a secret not kpown to anybody else. By 
employing vitriol-tar for’ absorbing ammonia, and‘carefully 
skimming off the scum ‘collecting in the ammonia saturators, 
nearly all the tcury impurities can be removed and a good 
sulphate obtained. These tarry oils are then worked into the 
creosote pil or else they are burned; they contain the bases 
of coal-tar; and these are now to a greaf extent manufactured 
in the manner described below. 

A very important/act, unknown to most tar-distillers before it 
i was published in a former edition of this work, is the following^:-* 
It is welWenown that sulphurfc acid containing any considerable 
quantity of arsenic cannot very well be used in the manufacture 
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of ammonium sulphate, since in that case arsenious sulphide 
is'formed, which discolours the sulphate. For this reasod most 
English ammonia manufacturers used to employ brimstone- 
acid, although its price is very^much higher than that of pyrites 
acid. But the latter can be used quite as well, if, during the 
saturating process a certain quantity of vitriol-tar is added to 
it. The scum formed from the latter carries the arsenious 
sulphide up to the top, whence it can be skimmed off, and leaves 
perfectly white sulphate behind. I have seen this done on a 
very large manufacturing scale at a Dutch works. 

A somewhat similaf’but much more elaborate process for 
dealing with vitriol-tar is that, patented by the Chemische 
Fabriks Aktien-Gesellschaft in Hamburg (B. P.''96i4, 1885; 
Ger. Ps. 34957 and 36372), which will be described lower down. 

According to the Ger. Ps. 289162 and 289524 of the 
Phoenix A.G. fiiv Bergbau und Hiittenbetrieb, the atid-tar, 
without dilution, is mixed with ammoniacal liquor and tar-oils 
or coal-tisr, and steam is passed through, thus obtaining on ^le 
one hand a highly concentrated ammonium sulphate liquor, fit 
for immediate working up into commercial sulphate, and on the 
other hand a tar-product, free from sulphuric acid! 

The examination of acid-tar for alkyl-sulphonic acids, etc., is 
performed by Heusler {Berl. Ber,, i895,p. 498) as follows:—The 
acid-tar is diluted with "ite-water, neutralized with lime or' 
baryta, and filtered. The filtrate is decomposed by sodium 
, carbonate, and the filtered solution of the sodium sulphonates 
evaporated to dryness below the boiling-point. The residue, 
after dehydrating on the water-bath, is heated with aniline on 
a paraffin-bath during four hours to 170° C., which process 
decompdses the sodium d\ky\-sulpkaiec with regeneration of the 
hydrocarbons. These, as well as the Aniline, are driven off by 
steam; from the residual sodium sulphonates the hydrocarJ>ons 
can be regenerated in the usual manner. 

As a rule it will be sufficient to estimate in acid-tar only 
the organic substances altogether, which Michel (Chem. Zeit., 
1910, p. 12 lo) does by mea.nsof a flask provided with a glass tap- 
funpel and a gas-delivery pipe. First some saturated solution of 
*5>otassium permanganate is put into the flask, and then the tar- 
acid fs run in, drop by drop, throiigh the tap-funnel, rhjsing this 
in the end by some pure sulphuric acid and water. After the 
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reaction is finished and the liquid has cooled down, the carbon 
dioxide farmed from the organic substance is found by driving 
over the gaseous contents of the flask into a gas burette, 
measuring the volume of the ^ases, absorbing the CO^ by 
caustic-potash solution, and re-measuring. The quantity of 
carbon corresponding* to the COj found may be a.ssumed as. 
expressing that of the originally present’ organic substance, if 
increased by one-third. 

Recovery of the Pyridine Bc^es. 

» • ^ 

These bases have acquired a considerable commercial 
importance,»partly through tTieir employment for the manu¬ 
facture of colouring matters, for purifying anthracene {supra, p. 
615), for synthetic purposes, and in some other ways, but 
principally by the fact that the “ denaturation i’ of spirit of wine 
in Germany and several other countries takes place by the - 
addition of these bases. , 

The properties of the pyridinfe bases have been described on 
pp. 293 et seg., and reference to their recovery has been already 
made in thd cdse of carbolic oil, p. 740. But by far the greatest 
portion of them is, obtained fVom the acid-tar, obtained in 
purifying crude benzol, and we therefore describe their recovery 
in this place. First, however, we shaM mention some other ways 
of obtaining thenk 

Formerly the pyridine bases were almost exclusively 
obtained in the manufacture of animal charcoal from bones. 
Both the tar and the ammoniacal liquor formed in this process, 
when carried out in retorts connected with apparatus for con¬ 
densing the volafile prod^ts, cont’ain those bases, and that in 
percentages far exceeding those of the coal-tar products. But 
the quantity of ‘he latter which is at disposal for industrial" 
purposSs so immensely exceeds that of the products obtained 
from bones, that the latter have quite receded into the back¬ 
ground. ^o be sure,\:oal-tar even now is not the only source 
of these bases; lignite-tar and especially that from bituminous 
schists also furnish a considerable proportion of them. 

Coal-tar .contains only 0-05 or at most o-i per cent. of«» 
pyridine ^ses. It is hence •practically impossible to obtain 
these jfom the raw tar itself, by extracting it with sulpfiuric 



896 


LIGHT OIL 


acid, as has been proposed. We therefore abstain from 
repeating here the description of that direct recovery of 
pyridine from the tar, given in our last edition, pp. 698 et seq. 

The only practicable way,is this; separating the mixture 
of pyridine bases from those distillates of" coal-tar in which it 
has most abundantly collected, corresponding to its boiling- 
points. Moreover, if has to be considered, as pointed out by 
Spilker {loc. cit., p. 78), that the pyridines in coal-tar must be 
presumed to be loosely combined with phenols, and that it 
must be very difficult to extract them completely, without 
having first destroyed ihose “ loose compounds ” by the action 
of stronger alkalis which take hold of the phenols. This is also 
the reason why pyridine, in spite" of its low boiling'-point (115°), 
is found in the higher-boiling distillates; its combinations 
with phenols have a boiling-point of 180° “do 190°. On the 
other hand it isualso found in the first distillates froip coal-tar, 
which pass over far below its boiling-point; a mixture of i 
part pyridine with 3 parts water boils constantly at 92“ to 95°, 
and the conditions for the presence of such a mixture do exist 
in coal-tar {Berl. Ber., 1883, p. 2977). Since the quantity of 
carbolic oil obtainable from coal-tar (especially xoTce-oven tar) 
considerably exceeds that of the “ light oil,” it can be under¬ 
stood why most of the tar bases accumulates in the last-named 
fraction. ^ 

Some statements respecting the manufacture of the pyVidine 
bases are made by Scheithauer in his book, Fabrikation dtr 
Mineraloele (Braunschweig, 1895), p. 146. The acid solution, of 
15“ to 20“ Baum^, is freed by long settling from oils floating on 
the top and resinous matters sinking down, and is filtered 
through lignite-coke with a little cq,tton-waste. In the clear 
solution the percentage. of pyridine bases Js estimated by 
‘decomposing it in a graduated cylinder with caustic-soda 
solution of 38° Baum6. The quantity generally found irf liquids 
from the working-up of lignite is 20 or 30 per fent. crude 
pyridine bases. The acid liquid is slightly supersaturated with 
caustic soda or ammonia, the necessary quantity being 
ascertained by titration. The process is best carried out by 
“placing the soda or ammonia solutions in a vessel and running 
in the acid solution of pyridine bases at the bottom. Thus the i 
bases are separated quickly and in a pure state; the ^ueous,, 



RECOVERY OF THE PYRIDINE EASES 


897 


solution is run off, the bases are dehydrated by a solution of 
caustid socfa of 38° JBaume, and then distilled. The first 75 per 
cent, are collected, the temperature having risen to 270° C. 
This distillate is agjin dehydratid as before, and is separated 
into the desired fractions by redistillation in a column- 
apparatus. ' 

Recoxiering the Pyridines from the Acid-tar .—Where the 
manufacture of ammonium, salts is not carried on at the same 
time with the treatment of coal-tar, but fhe pyridines are to be 
j'ecovered from the latter, the chemical washjng [supra, pp. 869 
et seqP) hiust be carried out with n ^iew to this. For this, 
purpose, after extracting,the phenols from the light oil and 
crude naphtfia 'by an alkaline treatment, we must treat 
the oils first with comparatively weak sulphuric acid, say sp. 
gr- 1-3, in order to extract the pyridines, without a sulphonat- 
ing acti( 5 n*on hydrocarbons, etc. (p. 869). That weak acid may 
be quite well prepared from the “acid-tar," p. 887, by diluting 
it with water up to sp. gr. i'3, by yhich proceeding so ftiuch of 
the sulphonated compounds, etc., is precipitated that, after a 
certain time left for their subsidence, the thin acid, although very 
strongly coloufed, can be emplo;^ed for the absorption of the 
pyridines. 

We shall now describe the usual treatment of the absorbing- 
acid for pyridine bases, and we comnfence with the description 
found in Muspratt-Bunte’s Chemie, viii., p. 47 (by Kraemer and 
Spilker). 

The crude “ pyridine-sulphuric acid " is a brown-red liquid, 
strongly acid, of sp.gr. i'2 to i'3, and contains from 15 to 30 
. per cent, of bases., The boiling-points of these differ very much, 
according to the fraction fiom which they have been obtained, 
and range from icx)° to 20cf C. About half of these is pyridines; 
in the other half, a-picoline, / 3 -picoline, a-a-lutidine, etc., 
have been found, also aniline and toluidine. Quinoline and its 
congeners ^0 not occ»r in sensible quantity in the acid-tar 
from crude benzol, on account of their higli boiling-points (but 
naturally that will be different with the waste acid from the 
treatment of the highsr-boiling tar-oils, in which even acridlBe, 
eta, will occur). The most valuable portion are the bases 
boiling up‘<o 140°, as large quantities of these are requlredJbr 
denatu^g spirit of wine (in Germany). The small quantity of 

3 L • 
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bases boiling at a higher temperature is mostly employed fof! ' 
the purification of crude anthracene, according to the Ger. P. 
42053 p. 615). 

Besides the bases, the pyridine acid contains a little benzol and ■ 
somewhat considerable quantities of rosin-like substances, formed 
from the tar hydrocarbons, partly dissolved, partly in suspen- 
sion. These impurities must be removed, as they wpuld pass 
over into the bases and render ^these liable to yield turbid 
solutions. This might be done by concentrating the acid by ' 
evaporation and filtering, but it is better done by the process of 
the Chemische FabrikS-Aktien-Gesellschaft in Hamburg (Ger. 
Ps. 34947 and 16^2), VIZ,, partial precipitation by ammonia, is 
free as possible from water and H^S, or else by concentrated 
gas liquor, containing 20 per cent. NHj. The tar-oils “do not 
contain the bases in the free state; the latter must be first . 
isolated by an-alkaline treatment of the oils. The, acid-tar is 
first enriched with bases before being further treated, in the 
manner following:—The acid-tar is diluted with water to sp. gr. 
i'2 or I-25, which causes most of the resinous matters, etc., to 
separate at the top as a thick tarry layer. The aqueous acid is 
rendered quite colourless by agitating with crude'carbolic acid, 
and is then employed for absorbing the bases from crude light 
oil and carbolic acid, previous to their treatment with con¬ 
centrated sulphuric aciU.- The acid solution of the bases is 
saturated with ammonia in the well-known apparatus for the 
manufacture of sulphate of ammonia, to be described later 
on in Part 11 . This treatment takes place in stoneware 
pots or lead cylinders, provided with two necks at the top, 
or a neck at the bottom for a tap and a manhole-lid. The ' 
NHg gas is passed in by means', .of a pipe, reaching to the 
bottom, .and this is coptinued until a sample of the exit-gas 
smells faintly of pyridine, and the blue reaction on Congo paper 
has just ceased. After a short repose, the contents of the • 
cylinder are found to have separated in two layer^. The top* 
layer contains all muddy impurities; th’e bottom layer is a light 
yellow solution of pyridine-ammonium sulphate, and is taken 
tq, the vessels where the saturation wi^th NHg is completed... 
Two or three such saturators are combined in_such manner that;'- 
all the NHg is utilized, the last remainder being retained in a ' 
tower fed with pyridine-acid. Here the treatment is opfitinued; 



RECOVERY OF THE PYRIDINE BASES 


899 


until a sample shows a distinctly alkaline reaction with litmus. 
The ammdhium-sulphate liquor settles quickly and well. It is 
run off by the bottom tap into a separating-vessel, fitted with 
a partition, where thj crude pyridine remains in one compart¬ 
ment and the sulphate liquor flows into the other compartment, 
from whfch it goes to* the evaporating-boxes, and is in all 
respects,treated like the ordinary ammonium sulphate, as 
will be described in Part, II. In this process almost the 
whole of the acid employed for wishing the tar-oils is 
Recovered as sulphate of ammonia, the bases being obtained 
casualjy 8is a by-product. This makes if pay to employ a great 
excess of acid, to make suje of absorbing all the bases, and to 
enrich the baifes in the liquid by contact with fresh quantities 
of .oil. The yield of bases from coal-tar does not exceed 0-25 
per cent. * 

DistUlaiion of the Crude Pyridine. —The 'crude pyridine 
is now distilled in iron apparatus like the light-oil stills 
(pp. 858 et seq.). The first distillate is treated aS ‘‘first 
runnings,” until it does not contain more than 10 per 
cent water. Then comes a middle fraction, as long as a 
sample, mixed’with its own volume, yields a clear solution, 
and then the “ last runnings,” as long as any bases come over. 
The resinous residue in the still is used as fuel. The last 
runnings are used as a solvent, or for preparing the higher¬ 
boiling* bases. The first runnings are dried by means of caustic 
soda in cone-shaped iron vessels, provided half-way over their 
'bottom with a perforated false bottom, on which is placed the 
solid caustic soda. The caustic liquor formed collects at the 
bottom, is drawn off, and is employed for a preliminary drying 
of. another charge of first •runnings. The dried oil, together 
with the middle fraction, i^redisfilled is an ordinary steam-still, 
such as will be desciioed for benzol (pp. 907 etseq.), until a sample 
of the whole distillate yields 50 per cent, at 140°, and 90 per 
cent, up tp 160°, which is the prescription for denaturing 
purposes. The small portion remaining in the still is collected 
until it can be rectified by itself, or el^e it is treated like the 
last runnings. , 

Isolation of the Various Bases. —The following notes op 
the isolatiJn of the bases contained in coal-tar are due 
,to a private communication from Dr C. Haussermana 
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Since there is rarely a sufficient quantity of the mixture 
of pyridine bases at disposal, which would admit t)f isolating 
them by a series of fractional distillations, it is advisable 
to employ for the preparatiork, of products of constant boiling- 
, points (at least of the lower members of the series) the benzenoid 
hydrocarbons, isolated by fractional distillation on a manu¬ 
facturing scale, which are constantly accompanied by those 
bases. English 50 per cent, and 90 per cent, benzol has always 
been treated at the tdr-works with only a small quantity of 
sulphuric acid, so that it contains both thiophens and bases^ 
Such benzol, after having been fractionated by a 'S^valle’s 
column into benzene, toluene, ajid xylene, boiling at a constant 
temperature, aidmits the recovery of up to 0-5 pet cent, of pure 
pyridine from toluene, and as much picoline from xylene. _ If 
these hydrocarbons are first treated with dilhte sulphuric acid, 
only the bases srt extracted, and are at once recovfred in the 
pure state, the fractionation on the large scale having separated 
the single bases one from another, while thiophen, thiotolen, 
and thioxen remain behind, and can be extracted by treatment 
with concentrated sulphuric acid.—Instead of removing aniline 
from the basic mixture by oxidation, Hausserifiahn prefers to 
extract it in the shape of aniline sulphate, which is much less 
soluble than the sulphates of the other bases. 

Lessing and Wilton'fB. P. 4766, of 1905) recover pyridine 
bases from crude ammoniacal liquor by washing it with* heavy 
tar-oil, or by washing the exit-gases of the ammonia stills, with 
or without condensation, with a suitable oil, to which preferably 
a certain quantity of crude cresol is added. 

Purification of Pyridine .—At the tar-works as a rule no 
attempt is made at purifying the pj*ridine bases otherwise than 
by fractional distillation. Anilpne cifn be removed by cautious 
addition of fuming nitric acid, gradually heating the liquid up 
to boiling, then diluting with water, filtering off from afiy 
precipitate produced, and saturating the filtrate yith caustic ' 
alkali, -Greville Williams destroys the aniline by diazotizing 
with potassium nitrite, and hydrochloric acid, followed by., 
heating. The process employed by HSussermann for removing 
the aniline in the shape of sulphate has been mentioned 
supra. ' 

Pure pyridine as a commercial product can be m^de from 
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the ordinary denaturing mixture by careful fractionating and 
drying’ovef caustic potash; if needful, interposing a treatment 
with potassium permanganate. The product should be entirely 
free from water, gi,ve no reaction with permanganate, and 
yield at least peeper cent, on distilling between 115° and u8°. 

Analytical Methods for Pyridine Basey. —The mixture of 
bases recovered from coal-tar consists principally of the 
bases of the pyridine and quinoline series, together with small 
quantities of pyrrol and of aromatic bases (aniline, etc.). For 
technical purposes there is no attempt mac^ at isolating the 
constituents, and we shall therefore not enter into that, 
question. • • 

Qualitative Testing for Pyridine. —A reaction for pyridine, 
by. means of a-dinitro-chlorbenzone, is indicated by Vongerichten 
{Ber., 1899, p. 2571). Other reactions for distinguishing 
pyridine* fsom other bases are given by Holdh [Chem. Zentr., 
1902, ii., p. 146) and Brautigam {ibid, ii., p. 166). 

Barthe (. 5 a//. Soc. Chim., 1905, p. 659; Chem. Zentr.,Igos, ii., 
p. 259) declares that pure pyridine does «tf/turn red litmus blue, 
as stated iij t^ie text-books. He purifies it from ammonia by 
means of crystals of MgHPO^. , 

A Test for discovering Denatured Spirits in drinking-brandy 
has been described by the experts of the German Exchequer as 
follows^:—Evaporate i litre of branjy with i c.c. concentrated 
sulphuric acid down to 15 c.c., and add 3 g. .solid caustic potash ; 
if pyridine be present, its smell will be perceived at once or 
after gentle heating. Another test {Chem. Ind., 1900, p. 25) is 
the addition of potassic-mercurous iodide, which in aqueous 
solutions gives a yellowish crystallin# precipitate with pyridine. 
Before applying this last,‘the alcohol must be removed by 
distillation after adding sufphuric acid.* The residue is neutral¬ 
ized with caustic potash, and distilled; the distillate is tested 
as above. The crystals then formed should give the smell of 
pyridine when heated wjth caustic potash. ^ 

Quantitative Methods. —Milbauer and Stanek {Z. anal. Chem., 
1904, p. 215; Chem. Zentr., 1904, i.f p. 1538) describe the 
quantitative estimation of pyridine bases in the presence‘of 
'amirionia and aliphatic amines. By adding sodium carbonate 
to the mijflure of salts the ammonia and the amines are 
converted jpto carbonates, but the pyridine is set free, where- 
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upon it is shaken out with ether and titrated, using patent blue 
V. N. as indicator. 

K. E. Schulze {Ber., xx., p. 3391) employs ferric chloride for 
titrating pyridine bases, all other indicators, being useless. Five 
c.c. of the bases is dissolved in 100 c.c. watei^ and i c.c. of a 3 
per cent, ferric chlqride solution is added. Ferric hydrate is 
thereby separated in a flocculent state, and normal sulphuric 
acid is cautiously added until the precipitate has just dissolved. 

A test for the proportion of pyridines suitable iox denaturing 
purposes is their copversion into the cadmium-chloride compound.* 
,The bases separated by* caustic soda are distilled with the 
caustic liquor, until the drops coming over do not any 
more show the taste of pyridine. The distilfate is ,mixed 
with four times its volume of absolute alcohol, measured, and 
10 c.c. of the liquid is mixed with 50 c.c. absolute alcohol and 
2 c.c. of a concehtrated aqueous solution of cadmium chloride. 
After standing for twenty-four hours the white crystals which 
have a’ppeared are collecte4 on a tared filter and dried at 
100° C. One hundred parts of these correspond to 46 parts of 
pyridine bases (Kraemer and Spilker). , , 

The following directions ,have been issued "by the German^ 
Federal Council for the qualities to be possessed by the pyridine 
bases employed for denaturing spirit of wine (alcohol). The 
mixture should be colou?less or slightly yellow, and fontain 
not more than 10 per cent, water. At 140° C. and 760 mtp. 
pressure 90 per cent, ought to distil over. A later order, of 
9th March 1903, indicates 160' C. as the temperature up to which 
90 per cent, should distil over; this means a considerably greater 
facility for manufacturing the bases, since no,w the lutidines and 
collidines are usable as well. Tht bases should be miscible 
with water in all proportions without essential'turbidity, and free 
from ammonia. After standing for some time the colour ought 
not to be deeper than that of a mixture of 2 c.c. normal iodine , 
solution-i-98c.c. water. Tenc,c. ofanaqyeous i per cent solution, 
on being shaken with 5 c.c. of a 5 per cent, solution of cadmium-' 
chloride, should within ten minutes yield a distinctly crystalline' 
white precipitate. Ten c.c. of the i per cent solution should give 
a white precipitate with 3 c.c. of Nessler’s reagent Twenty c.c- 
of«the basic mixture, combine'd with 40 c.c. of water, should' 
separate lio oil-drops. On shaking 20 c.c. of the b^e^with 20 - 
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c.c. of caustic-soda solution, sp. gr. 1-4, and settling, the mixture 
should*yieM at least i8’5 c.c. of bases. One c.c. dis.solved in 
,10 C.C. water should not require less than 9-5 c.c. of normal 
sulphuric acid, until a drop causfs a distinctly blue margin on 
congo-red papery which soon vanishes. 

According to the* directions given above, the 20 c.c. 
denaturing mixture, on being mixed with its own volume of 
caustic-soda solution, sp. gr. 1-4, should yield 18-5 c.c. of bases 
and contain 9 per cent, of water. In ‘order to estimate the 
.percentage of water more exactly, shake 100 c.c. of the bases 
in a.stSppered 150 c.c. cylinder witl* fus^d caustic potash, 
in pieces of the size of j)eas, until after thorough settling the* 
volume of tl!e top layer does not any more decrease and the 
bpttofti layer shows a considerable quantity of undissolved 
potash.’ Read off at the same temperature as the ba.ses had 
before thq operation ; the diminution of volunje then indicates 
the percentage of water. 

Malatesta and Germain {Boll, chim./ann., 1913, liii«, p. 225 ; 
/. Soc. CItem. Ind., 1914, p. 1198)’found this test to give good 
results only if solutions of high alcohol concentrations (at least 
90 per cent.)* be used, and the formula: CdClj.C'sHjN, be 
accepted for the double compotnd. 

The estimation of pyridine in aminoniacal liquor is described 
in Vol. II. under that heading. 

jTpplications of the Pyridine Bases. —By far the most 
important application of these bases is that for denaturing 
the spirits of wine, intended for technical purposes, so as to 
make the spirits unfit for consumption as drink. In 1903' 
436 tons of pyridine bases was used in Germany for this 
purpose. For tfie follo>^g fiscal years the quantises u.sed 


were:— 

• 

• 

• 





For de. 



For de« 

TUealymr. 

Pyridine used. 

mturlBg ; 

Fiscal year. 

Pyridioe used. 

uaturlng 

alcohols. 



alcohols. 


Tom. 

Litres. 


Tout. 

Litres. 

1903 to 190! 

. 469-4 • 

478,998 

1907 to 1908 

■ 534-5 

545,343, 

1904 to 1905 

. 417-6 

426,180 

1908 to 1909 

■ 473-4 

485,011 

1905 to 1906 

. 481-4 

491,184 

i 1909 to 1910 

• 725-4 

740,224 

1906 to 1907 

. 408-5 . 

416,347 

' 1910 to 1911 

■ 491-7 

5(^1,769 

A 

The use of pyridine bases for denaturing 

alcohol has dlso 


_ --_. . 

been ^sanctioned in the United States {Asph. and Teerind, Zeit. 
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^907. P- 68 ). They are to be employed in the proportion of 0-5 
parts, together with 2 parts methylic alcohol, on 100 spirits. 
The quality of the bases is to be tested as- in the German 
prescriptions (quoted supra, ^.^2'). 

Further uses of pyridine are mentioned i/i th» following 
publications;— • 

The Berliner Holzkontor, in 1900, applied for three patents 
for preparations of pyridine for disinfecting and preserving 
purposes (Ger. Ps.' appl.'B25537, 26664, 26665). 

According to Merck’s Jahresber., 1902, p. 144, pyridine, (n, 
dilutions of i ; 756 and 1:350, kills Bacterium coir. \t is 
medically employed as a solvent for uric acid, against dipso¬ 
mania, against whooping-cough, for protecting anfmals against 
horse-flies. ' 

Wohl(Ger. P. 139669) promotes the esterifitation of cellulose 
by acetyl chloricje by the addition of pyridine and ^quinoline 
bases. 

The ,Farbenfabriken vorm. Bayer (Ger, P. 145238) convert 
nitroanthraquinone by heatin'g with pyridine into oxyanthra- 
quinone. 

Synthetic indigo is purified by means of pyridin'e'(Hdchster 
Farbwerke, Ger. P. 134139', Compagnie Parisienne des 
Couleurs d’Aniline, Fr. P. 314681). 

Pyridine forms extrenvsly reactive compounds with carbonyl 
chloride, according to several patents taken out in 1900,'1901, 
and so on. 

Kahlenberg (Z. angew. Ckein., 1901, p, 148) applies it in the' 
pifiparatlon oflithion. 

Trachmann {Pharm. Zeit., 1902, p. 470) proposed employing 
pyridine>for taking the carbon dlsulphjde out of coal-gas. Bueb 
reports on experiments made with this proces,^ as having been 
'Unsuccessful (/. Gasbeleuckt, ipoj, p. 736). 

Frank {ibid., p. 491) recommends for the same purpose a 
special mixture containing high-boiling tar bases with benzol, a 
little aniline, and a little free sulphur. ' 

Pyridine is used by Merck (Ger. Ps. 90308’and 104664) for 
preparing piperidine by electrolysis; for the preparation of basic 
fliazo-colours by the Farbwerke vorm. Meister, Lucius and 
Briining (Ger. P. 105202), for varicvjs other synthetical»processe’s 
in thS industry of colours and of pharmaceutical preparations, 
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for the ■ extinction of the phylloxera, for some analytical 
processes; etc. 

Other Bases. —M'Kenzie (/. Ind. Eng. Ghent., 1909, i., p. 360) 
states that from the ordinary mixture of bases by fractional dis¬ 
tillation at i34J;o 134-5can be obtained which is very 
superior to pyridine as a solvent for indiarubber, and in some 
respects even better than disulphide of cafbon. 

Quinoline is the starting-point for a synthesis of indigo 
by the Comp. Paris, des Couleurs d’Aniline (Fr. P. 314681). 
Decher and Kopp {Ber., 1906, p. 72) for this purpose oxidize 
its ^ddltion-product with chloro-aqetis esftr by heating with 
permanganate, filtering, adding alkali, evaporating, and heating ’ 
to 200°. • * * 

lioquinoline, according to the Ger. P. 285666 of the Gesell- 
schaft fiir TeeJverwertung Duisburg-Meiderich, is obtained 
from crufie quinoline by partial saturation or,partial precipita¬ 
tion from the acid solution, or fractional extraction, utilizing 
in all these cases the more strongly basic propertip,s of iso¬ 
quinoline in comparison with quinoline. 

Coumarope-resin. 

This is obtained, according to the Ger.. Ps. 270993 and 
281432 of Wendriner, from heavjj benzol, boiling at 160° to 
i8o°,'by treating it with 0-25 per cent, of concentrated sulphuric 
acid, running this in in a thin stream, and cooling the benzol, 
so that the temperature does not rise above 120°. If the tar- 
acids and bases have not been previously removed, about 
0-5 per cent, of sulphuric acid must be used, and the resin 
is not so pure. ’ Precautions must be taken to avoid over¬ 
heating of the jesin when distilling off the solvent-naphtha. 



CHAPTER IX 
CARlJC^iUC OIL (MIUDLK OIL) 

FOK some years after the preparation of carbolic acid became 
an industry it was found suitable nfot to work for thit purpose 
the whole of the “ light oil,” but merely the last portion (that 
between sp. gr. 0-980 or 0-990 and i-ooo). Since then the 
demand for carbolic acid as well as that for naphthalene has 
arisen to a considerable extent. Consequently all ^he j-rincipal 
factories manage their process so as to obtain a special fraction 
between that yielding the light hydrocarbons and the heavy 
oils, which is particularly rich in phenols and naphthalene, and 
which is called “ Middle Oil " or “ Carbolic Oil." We have seen 
(pp. 448 e/ seg.) that this frytion is not made everywhere 
exactly on the same principles; and its quality at one works 
will Consequently differ a good deal from that at another; but 
this makes no difference in the manner of treating it to the 
best purpose, which we shall describe infra. 

Carbolic oil, if quite fluid, i.e., at about 40“, such as it is 
obtained in the first distillation of coke-tar, generally from 7 to 
8 per cent, of the total distillates, has a yell6w up to light- 
brown cplour, and smells distinctly both, like carbolic acid and 
naphthalene. Its specific gravity, taken* at 40° and calculated 
for 15°, is not below i-ooo, on the aT{erage= 1-02. At ordinary 
temperatures it is semi-solid or pasty, owing to the prespnee of, 
naphthalene, of which about '25 to ^30 per cent, crystallize out 
when the oil cools dowr^. 

In Muspratt-Stohmaijn’s Chemie, 3rd. ed., vi., p. 1179, the 
composition of middle oilk is stated as follows :-t- 


DistlUlng at 

* I. 

II. 


100“ 

. . 0 

0 

per cent. 

100® to i8o° 

. 14-1 

9-2 


180® „ 200® 

- 41-5 

35*2 


200® „ 250" 

- 387 

19-2 

>> 
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CpMPOSlTION OF MIDDLE OIL 

Watson Smith gives the following results for “light oils, 
really equal to “ middle oils” from Wigan cannel-coal tar:— 

Distilling below Oil of sp. gr. 1*000, Oil of sp. gr. I’OlSL 

• 170° . , .10 o per cent. 

180° .... 5 o „ 

190" . . . .12 5 „ 

200“ . • *. . .22 24 „ 

— — 

9 

Middle oil (carbolic oil) contains ijHd to 40 per cent, naph¬ 
thalene; from 25 to 35 per cent, phenols (one-third of this being 
ohKnol proper = carbolic aoid, a«id two-thirds the three cresols 
Afith a little xyknol); further, the two methyl-naphthalenes, and 
about 5 per cent, bases, principally pyridine, quinoline, and 
quin^ldine. The striking circum.stance that pyridine, the 
boiling.point of which is = iis°, is found in considerable pro¬ 
portions in that oil, boiling at much higher temperatures, 
s explained by Spilker las bqing due to its combining with 
phenols, and in this form boiling only at 180’ to 190“. That 
tompound is only split up on treating the oil with caustic-soda 
iolutidn; therefore the extraction of the bases can only 
De performed after removing the phenols by caustic-soda 
solution. , 

The fraction collected as carbolic oil ts run into tanks, where 
t is’ allowed to cool down, whereupon 25 or 30 per cent, 
taphthalene crystallize out, from which the liquid oil is separated 
n the usual way. This oil is a very thin liquid, of sp. gr. 
D-99 to i-oi; ft contains from 25 to 30 per cent, phenols, from 
15 to 25 per cent, (according to the temperature) of^naphtha- 
ene, and a little of the methyinaphthalenes and other com- 
Dounds mentioned on p. €48 as found in the creosote oil. It 
Dosses^es a characteristic “ carbolic ” smell. 

Small tar-works usually sell the carbolic ^il as such; 
others partially work it* up fnto varnishes. La^?r works 
manufacture from it at least crude carbolic acid, if they do 
lot procee<i as far as the pure article. 

The working-up 6f the carbolic oil is carried out differently 
n different factories. Either the crude oil is put into cooling- 
:anks, in order to get out the naphthalene, whereupon bothrthe 
lil drained from the naphthalene and the naphthalene itself are 
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redistilled, or the crude oil is distilled as it is, without waiting 
for the naphthalene to crystallize out. 

According to Rispler {loc. cit^/ the first of these processes 
cannot be carried out with dvery description of middle oil. 
Such as is obtained from gas-tar contains up to 25 per cent, 
of acid oils, which keep a great portion of the companion's of 
naphthalene in solution; the naphthalene crystallizing out is 
coarse-grained, and,can go directly to the presses to Ije worked 
up. But the middle oil from coke-oven tar contains only 13 per 
cent, of acid oils, whrrh low percentage is not sufficient for 
keeping the companions of naphthalyie in solution ; hence the 
latter separates in small crystals, is bf a spongy natunS, inclueles 
much liquid oil, and to a great extent passes through the 
presses. Since the treatment of the middle oil in the cooling- 
house and the presses requires much manual labour, increasing 
with the higher percentage of oil, it will be preferr,ed ,in most 
cases to begin with a fractional distillation of the middle oil, 
all the more as the expense 0/ getting out good naphthalene 
in that way is only one-third of the cost of pressing. More¬ 
over, the crude middle oil of course contains part of the 
constituents of the first fractipn, the light oil, which’causes 
losses by evaporation during the treatment of the warm middle 
oil in open vessels. We therefore in this place describe only 
the secor^d process, A'hich differs from the first only by the 
different sequence of the single operations. 

Redistillation of the Carbolic Oil. 

* 

This Js carried out in stills, heated by a direct coal-fire, 
and constructed exactly like a tar-still, ‘holding from 5 to 20 
tons. Sometimes they are provided with a dephlegmating- 
head 3 to 6 ft. high, which simplifies the ulterior separation. 
The work j' carried on like the first distillation of the taf 
itself, but is much easier, as Sio bo'iling-over need* be appre¬ 
hended, and lasts from twenty to twenty-^four hours. At first 
a little crude benzol, say 6 or 7 cwt., comes over, tpgether with 
the hydratioq-water of carbolic jcid. When this is finished, 
the distillate is turned into the second receiver. The next 
period, during which the distillate should run in a jet about 
as thick as an ordinary lead-pencil, lasts six or eight hours, 
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and about 3^ cwt. of water comes along with the oil. During 
this period the heating mjist be carefully regulated, to prevent 
boiling-over through a suddtJh liberation of hydration-water. 
When no. more water comes .ovef, all danger is passed, and the 
distillation can be carried on vigorously. Up to this moment 
the distillate is regarded as crude benzol and treated as such, as 
we shall see in the fieit chapter. 

From rfhis point the distillate is collectpd for carbolic acid, 
until a sample on cooling o« a glass-plato shows a crystallization 
of naphthalene, at which point the theAnometer indicates 215° 
or 220° C. This period la.'^s nearly ten hours, and yields about 
55twt. oiJl • •' 

j^t most works the distillation is now interrupted and the 
residue run into the creosote-oil tank. At some places another 
fraction is taken, containing no more crystallizable phenols, 
but 40»pr ,50 per cent, cresols, which, after separating the 
naphthalene, is sent out as 40 to 50 per cent, carbolic acid, 
or else worked up into creolirje or lysol (pp. 658 and 660). 
The residue from this can be employed merely for softening 
the pitch. 

According to E. Waller,^ in^merica the light oil is distilled 
at temperatures below 177° to 220°; steam is passed through 
the distillate so long as it carries a,way any oils; the distillate 
(“rectified coal-tar naphtha”) is worked for benzoj, and the 
residue (“ naphtha tailings”) for phenol. If these short hints 
actually represent the American style of treating the first 
coal-tar fractions, it cannot be pronounced as quite rational. 
Formerly it W&s frequently held that the distillation of the tar- 
oils, especially of tha Jighter and non-viscous descriptjpns, from 
stills heated by ordirfary fireplaces, was more dangerous than 
that of the tar itself, befause in case of leaky places in the 
seams Jthe thin oils more easily get to a place where they can 
take fire. But that fear has no foundation; such ssa^Jl^antities 
of oil are immediately burnt without ^ny danger; a!? 7 KwhMe 
the distillation is carried out under diminished pressure/nTr 
leakages .a^all will occur. Thereforfe it has been recommended 
to carry out the rectification of the creosote oil by means of a 
steam-coil, but this is certainly only exceptionally done. 

Sometimes the creosote-oil stills are provided, not menely 
' Chem. News, xUti., p. 150. 
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with a dephlegmating-head, as mentioned supra, but with'a 
large dephlegmating-column, of which there are a great many 
descriptions in use for many purposes, wherefore we need not 
go into particulars about theAi. These columns aro. made of 
wrought-iron or cast-iron, not of bronze, which is not merely 
much more expensive, but would be acted upon by the sulphur 
compounds of the tar-oils. 

The fractions ^usually made in this distillation are as 
follows:— . I 

1. Crude benzol upto the boiling-point 165° or the sp. gr, 
i-OO. This fraction is worked up,,together with the similar 
product obtained in the workirtg-ujf of the light oil {thde infra). 

2. Carbolic-acid oil up to the boiling-point 195° or sp. gr. 

1-005. This is worked up principally for phenol and naphtha¬ 
lene, together with the analogous fractions obtained from 
creosote oil and light oil. ^ 

3. Naphthalene oil up to the boiling-point 220° or the 
sp. gr. 1-025. Worked up in aij anal'ogous way. 

4. Residue remaining in the still; vide supra, Chapter VIII. 

At the same as crude benzol (fraction No. 1), a little water 

passes over, formed from the phenol hydrates. As long as this 
is the case, the distillation must be carried on very cautiously. 
As a rule the change shpuld be made for the next fraction 
(carbolic-acid oil) at the point when no more water comes over, 
and when the rattling noise in the still (caused by condensed 
water getting into the hot oil) has ceased. Now the distillation 
may be hastened by putting more fuel on to the fire-grate. 

It is unnecessary to say that the fractionatioli is carried out 
in various ways at different works Thus^ Rispler [loc. cit.) gives 
the following data:— ‘ 


DlstlUates. 

1 

Middle oil from 
gaS’tar. 

Middle oil from 
coke-oven tar. ^ 

\ 

Up to 165°: Crude benzol 

Up to 199°: Carbolic>add qjl . 
Up to 220”: Naphthalene oil . 

Residue. 

Water and loss 

« 

1 •' 

Per cent. 

4-1S 

31-77 

43-45 

,26-91 ' 

3-73 

Fer cent. 

1.78 

19-91 

J8-C2 

48-18 

1-45 

100*00 - 

100*00 





REDISTILLATION 


Y29 


’ The fractions obtained as above have the following general 
properties:— 

Carbolic-acid oil has tlie isp. gr. i-ooo to 1-005, a smell 
similar to that of middle oil, aAd at ordinary temperatures it 
forms a thin paste, owing to the secretion of naphthalene. It 
boils- from 160° to 250°. This fraction contains about 25 to 40 
per cent, phenols, ahi? about as much naphthalene, one-third of 
which reqjains in solution after cooling; also about 7 per cent, 
of bases* Among the phenols, phenol.proper (QH^-OH) is 
present in larger proportion than the cr^sols. 

Naphthalene oil I boils Ijetween 180° and 230°. On cooling 
dov»n, aboat 40 per cent, of aearly pure naphthalene crystallize 
out and are separated from the liquid portion by pressing. 
This fraction, moreover, contains about 15 per cent, of acid oils, 
and up to 3 per cent, bases. 

Naphthalene oil II is that which is got from creosote oil 
{vide supra, p. 650). It boils between 200° and 280°, and on 
cooling equally separates Inuch^solid raw naphthalene which, 
however, contains acenaphthen, methyl naphthalene, and must 
be redistilled {vide p. 832). It contains also acid oils (homo- 
logues of cresol), hydronaphthalene, diphenyl, quinoline bases, 
etc. 

Whichever way the fractionation is carried out, the 
further work is conducted in a similar manner to obtain the 
following products:— Crystallised carbolic acid, cresols, heavy 
solvent naphtha, pyridine bases, and naphthalene. We shall 
consider these seriatim. 

E. Barbet et Fils et Cie. (Fr. P. 473082) obtain the 2 per 
cent, benzol, contained in heavy oils, in one distillation in a 
column distilling appjfratus, where" the oil is first distilled by 
heating coils supplied with high-pressure sleam; and the 
naphthalene is then separated by the injection of low-pressure 
superheated steam. 

Obtaining Naphthalene by cooling down the Carbolic Utl. 

The greater porticin of the;naphthalene can be removed from 
this oil by cooling it down. The cooling-boxes, made of sheet- 
iron, are usually placed in a common cooling-housej in tiers one 
above the other. Below these there are the draining-boxes. 
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made of galvanized undular iron, placed in a slanting positioVi, 
so that the liquid oils may run down to the holes provided for 
getting them out, into boxes feom- which they get into the 
montejus, by means of which *they are delivered to the places 
for working them up. 

The inclined bottom of the draining-boxes is covered’by a 
grating, made of triangular laths of wodd, which facilitates the 
running away of the liquid oils. 

The cooling-house must have ample dimensions, so as to give 
sufficient time to the oli for cooling down, and must also be con¬ 
structed in such a way that the capbolic-acid oil and the naph¬ 
thalene oils can be kept separJrte fcJr their further treSttment/’ 

The size of the cooling-boxes must be adapted to the quantity 
of the oil produced per diem, so that each box can be comjjletely 
filled in one operation. It should be avoided to fill up partially 
filled boxes with fresh oil after the crystallizatipn Jtas com¬ 
menced, since this would not merely disturb the crystallization, 
but moreover the hard crust, forrrldd at the top of the first 
portion of oil interferes with the running-off of the new portion. 
Rispler recommends in lieu of large boxes, to employ a con¬ 
siderable number of small bpxes, as these cool down more 
quickly. 

In some places it has,been attempted to reduce the pretty 
considerable expense'for manual labour in this operation, by 
effecting the cooling of the oil and the separation of the solid 
and liquid portion by mechanical agitating apparatus, but this 
proved to be less economical than the ordinary working of the 
cooling-houses. 

The pils draining from the cooled-dojvn naphthalene oil are 
as a rule final products. From naphthalene oil I is obtained 
crude commercieu carbolic acid {vide ifpfrd) containing from 25 to 
30 per cent, tar-acids, and by repeated fractionation products, 
richer intber.; acids.. From naphthalene oil II is ^obtained a 
creos'Sff^-oil, which is iijixed with the same quantity of anthra- 
"cene oil, in order to serve as pickling-oil for the impregnation of 
railway sleepers, telegraph'poles, etc. {vide supra, pp 679 et seq.). 

On the other hand the carbolic-add Ml drained from the 
naphthalene is usually fractionated once more, so that the 
principal frattion boils between 160° to 205°, and contains about 
35 to 40 per cent, acid oils. These are taken out by treating 
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thfi oil with dilute caustic-soda solution, followed by taking 
out the bases by dilute suljshuric acid, and the further treat¬ 
ment for phenols, cresols, and pyridine bases described infra. 


Manufacture of Carbolic Acid and of Cresols. 

Experience has sh<Jwn that carbolic acid proper (CjHjO) 
cannot ver^ well be made from the creosote oils distilling above 
240°. These always conta^ phenols, but mostly the higher 
homologues; and the latter are universally admitted to be of 
great importance in the process of preserving timber, being less 
soluble in water, and less vslatile than carbolic and cresylic 
acids,^so that it would seem wrong to remove them. We shall 
therefore not take the heavy oils into account for the manu- 
facture’of carbolic acid. On the other hand, if a “ middle oil ” 
has not b.een collected (from about 170°) in the working-up of 
the “ light oil ” (to be described in the next chapter), consider¬ 
able quantities of residues fich iij phenol and naphthalene are 
obtained; these are added to the “ carbolic oil,” and make it 
about equal to the “ middle oil ” of other works. 

Th*e first treatment of the rectified carbolic oil aims at the 
separation of the phenols from the indifferent hydrocarbons. 
The process originally proposed by^ Laurent' is essentially 
identical in principle with that which is employed at the present 
time. The fraction of coal-tar distilling between 150“ and 200° 
is treated with a hot saturated solution of caustic potash or 
soda, some solid powdered caustic potash or soda is added, and 
the mixture weH agitated. [In this detail, viz., employing solid 
caustic, the process differs from that at present in use; probably 
at the time when Laufent published his process, in 1831, the 
tar did not contain so mi^h naphthalene as now, because the 
cast-irop,^as-retorts then used could not be worked at such a 
heat as those now made of fireclay; more^^^rtptaHj^nt worked 
with a comparatively low-boiling 'fractioy, poor in naphlil&IiSge.] 
The oil sets to a crystalline paste; the liquid portion isdecanteS^ 
and th e sojid. part is dissolved in warm water. Two layers are 
formed-^^^^ne light and oily (w^hich is removed), the other heavy 
and watery (which is saturated with sulphuric or hydrochloric 
acid). The oil which is formed in the latter process and fou«d 
' Ann. Chim. Phys. [3], iii., p. 95. 
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floating upon the acid liquid is digested with fused chloride of 
calcium and fractionally distilled. Thus a white oily substance 
is easily obtained, which on beiijg slowly cooled yields beautiful 
crystals. 

It has been attempted to cheapen Laurent’s process by 
employing lime' in lieu of potash or soda, boiling and strongly 
agitating. On settling, the neutral oils •eoi'ne to the surface and 
are removed by decantation; the lime-precipitate is decomposed 
by hydrochloric acid, and yields, phenol. This simple and 
cheap process, however, does not give a good result; and the 
treatment with caustic soda is universally preferred, but with 
a much weaker solution thatir thait prescribed by LaurenL At 
all events the preparation of perfectly pure crystallized carbolic 
acid is anything but simple and easy. It is said that such acid 
was first made on a large scale by Sell, of Offenbach;^ but in 
any case it was introduced into trade on a manufacturing scale 
through the exertions of Grace Calvert and Charles Lowe, of 
Manchester, who for a considerablelime had almost a monopoly 
of it. At the present day it is made at other English as well 
as Continental works. 

First of all it should be ascertained how much alkali the oil 
requires. It is not necessary in this case to make a formal 
analytical estimation (of which we shall speak hereafter), but 
only to find the rnsnimum quantity of alkali required for 
exhausting the oil. This need only be tested for . roughly, 
in the following manner:—50 c.c. of the oil is put into a 
100 c.c. graduated cylinder; and soda solution is gradually 
added, shaking after each addition and allowing the liquids to 
separate. The dark-brown solution of sodium phenolate is 
distinct from the oil which may be above or below it. The 
volume of the ’ oil is noted; and if on the next addition of 
alkali it is not lessened, the last addition must have been 

' Cf. H'-o'J' Muller, Z f. Chem., j868, p, 270 (Runge had done this from 
the '•rStJ'. • 1 

* According to a private communication from Mr Bronner, of Frankfort, 
this gentleman as early as 1846 made so-called white limpid (^‘ wasserhelles ") 
creosote, which was frequently refused because j,n winter it 'fc'.' ^’fied to a 
white crystalline mass I This was, of"course, owing to the then general 
confusion between carbolic acid and the real, original “creosote" from 
btfech-wood far, which latter compound is never found in the solid 
state. 
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sufficient. From this is calculated the quantity of alkali to be 
used in actual manufacturing work. 

From what we have seen fpp. 273 et scq^ respecting the 
behaviour bf phenol and cresol with alkalis, we know, first, that 
the lowest phenol, CjH^OH, that is, “carbolic acid” proper, 
is more easily solubl? tj^an its homologues, and hence requires 
a weaker lye; secondly, that a large excess of caustic liquor 
may repr^(Spitate the phenols. Still the margin is so large, that 
in regular manufacturing wcfrk a test like.that just described is 
hardly required, because there will be no \ 4 ry striking differences 
in the percentage of phencij. But where unknown oils have 
to be treated, such a test will’have to be applied. 

Fmctional Saturation. —According to Behrens {Dingl.fofyt.J., 
ccviii.,4). 363) an important manufacturing “secret” for making 
crystallized carbolic acid consists in treating the oil with a 
quantity’of dilute soda solution, in.sufficient for dissolving all 
the tar-acids ; in that case jarbolic acid, being the strongest, is 
first taken up. This is confirmed by G. 1 £. Davis {J. Soc. 
Chem. Ind., 1893, p. 233), who treated light oil three times in 
succession with one-third of the proper quantity of caustic-soda 
solution of I'010, and who obtained crystallized phenol only 
from the first and second extraction, and nothing but cresols 
from the third. • 

It .would appear {e.g., from Kraemer and Spilker, in 
Muspratt-Bunte’s Cheinie, viii., p. 52; Spilker, Kokerei und 
Teerprodukte der Steinkohk, p. 80) that this fractional saturation, 
which utilizes the greater affinity of phenol proper to caustic 
soda, in comparison with the cresols, is also practised at several 
Continental works, e.gt^ in this manner. They analiise their 
crude oils and add to them only so much caustjp liquor that it 
takes up nearly all the carbolic acid and but little of cresols 
(say, froTn 40 to 75 per cent, of the tota l quant ity of alkali 
required fo» saturating the,acids in the cytrolic oUl^iide^pra ); 
when acidified, it yields crude carbolic acid’solidifying af“>s^to 
30” C. The oils separated from the sodium carbolate solution 
are nojgJrtlSced with enough caustic-soda solution to extract 
the higher homologues of phenol, and the last remaining oil 
goes to the creosote-oil tank, or to the light-oil still. 

The following special prescription for the eictraction ^Df 
phenol was given by Charles Lowe, the first manufacturer of 
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the purest crystallized carbolic acid (Allen’s Commercial Organic 
Analysis, ist ed., p. 305): 20 tons of gas-tar are introduced into 
a retort and distilled. The first*’2od gall, of “ light benzols ” are 
of no use for the extraction of carbolic acid. When that 
amount of distillate has pas.sed over, the next 600 gall, are 
collected separately. For each 200 gall, of these oils, having 
a density of i-o to 1-005, 30 gall, of caustic-soda solution of 
sp. gr. 1-34 are added after dilution to 150 gall., and the oils are 
then agitated with the solution for two -hours. The mixture is 
next allowed to settle^.br four hours, when the alkaline solution 
is drawn off and neutralized with sulphuric acid. The crude 
carbolic acid rises to the surface' and is skimmed'’off, and is 
then allowed to settle in tanks for several days, after which it 
is ready for cashing. The caustic soda used must be free from 
nitrates. 

Here, as we see, rather dilute alkaline liquor i.s p; escribed. 
In regard to this, the following points should be borne in 
mindThe less pure the oils, the weaker should be the caustic 
solution, if good phenol is aimed at. With crude benzol (which 
always contains some phenol) stronger caustic can be employed; 
and the phenol obtained will be still better, though less in 
quantity, than that from carbolic oil. For this reason some 
distillers do not begin the washing of crude benzol, as usual, 
with sulphuric acid, but with caustic-soda solution of sp. gr. 
about 1-200. In the case of “middle” or carbolic 6il, such 
strong alkali would dissolve too much hydrocarbons, especially 
naphthalene, which would greatly impede the purification of 
carbolic acid, and might altogether prevent it from crystallizing. 
Moreover, oils are dissolve,d which ha'-e a tendency to turn 
dark in the air„and thus spoil the phenol. Hence in this case 
weak alkaline liquors must be employed; and probably Lowe’s 
prescription is' more trustworthy than any other, -since his 
object i|J»<?StaIn' best quality pf crude carbolip acid from 
^tbP-^Sf^distillers. 

Watson Smith takes 33 per cent, by volume of caustic 
liquor 18° or 19° Tw. for carbolic oil, or 40 per cetsiuby,,volume 
for light oil. 

At a large English factory carbolic acid is extracted from 
ah the light distillates, up to (of course not including) creosote 
oil, ill the following manner:—The first runnings are treated 
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with rather stronger caustic-soda solution, viz., of sp.gr. 1-15, 
and in great excess. Thi^ is done previous to the washing 
with vitriol. The solution thus obtained, containing some 
carbolic acid along with mpch-'free soda, is mixed with a 
fresh quantity of somewhat weaker alkali, so that the specific 
gravity descends to M25. This liquor is now employed for 
treating the carbolic'oil, at a temperature of 65° to 77° C. The 
resulting^ solution of carbolate of soda is separated from the 
naphthalene oil floating on the top, and the latter dissolves also 
the impurities taken up by the caustic soda from the first 
runnings, which otherwise ca^se the carbolic acid, made from first 
runnings aibne, to be of infefior Quality. Thus, by simplifying 
the process, both the quantity and the quality of the carbolic 
acid are improved. 

A ^arge South German manufacturer states (in a private 
communication to the author) that he obtains crude carbolic 
acid (with 50 per cent, crystallizable acid) by employing caustic 
liquor of sp. gr. i -26, steaming thq solution, and decomposing the 
alkaline liquor by acid. He lays much stress upon the subsequent 
fractional distillation of the crude acid, but none upon the em¬ 
ployment of weak alkaline liquoi;, or upon fractional saturation. 

Kraemer and Spilker {vide supra) employ for the present 
purpose a solution of sodium hydrate„of sp. gr. i-i, containing 
too g. NaOH per litre, which takes up’about 250 g. of the 
mixture of phenols and cresols per litre. 

Where only crude carbolic acid is aimed at and no special 
conditions are imposed by the buyers, sometimes stronger 
alkaline liquors^ up to sp. gr. 1-32, are employed ; but this must 
yield a product difficult to refine. 

As we see from fhese notes, the concei^tration of the 
solutions of sodium hydifete employed for the purpose in 
questior.»varies in pretty wide limits in different factories. 

Formerly, when the carbolic acid w^’leTTv-ee from the 
solutions of phenolates by the acidition /f Strong minerif'Mds 
.^sulphuric acid), whereby the caustic alkali previously employed 
was p^J^aaJly lost, attempts were’ made to replace it by 
cheaper agents. 

Knights and Gall (B. P. 5824, of 1887) agitate carbolic or 
middle oil with a mixture of cream of lime amt solution \f 
sodiuth sulphate. On settling, two layers are formed, thejower 
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one being a solution of sodium phenolate in water, which is rim’ 
off The top layer consists of tar-pil, calcium sulphate, and a 
little solution of phenols; after fpasiing through a filter-press, 
some more of the phenol-sofliurp solution can be ^separated. 
The latter is decomposed with sulphuric acid, and the sodium 
sulphate formed is used over again as before. In lieu of Time, 
any other alkaline earth, and in lieu of sodium sulphate, 
potassium sulphate can be used. „ 

Staveley {f. Soc. Chein. Ind., 1888, p. 807) proposes a similar 
process for the manuffcture of sodium or potassium phenolate 
from the sulphates or sulphites, and states that, especially when 
employing phenols free from'hydiocarbons, up to 96 per ient 
of the sulphate or sulphite can be decomposed. He .slakes 
about II cwt. of quicklime, and makes it into about 2 tons 
of cream of lime. When this is nearly cold, about 20 cwt. 
of phenols, boiling between 190° and 250°, or a cprrpisponding 
quantity of tar-oil, is added. The mixture is slowly run 
into a warm solution of 30 cwt. of sodium sulphate in about 
4 tons of water, contained in a heatable pan provided with 
an agitator. The temperature of this mixture is kept at 30° 
or 40°, and the agitation i.s continued for an hour after 
finishing the addition of the calcium phenolate. After the 
mixture has settled down, 70 or 75 per cent, of the sodium 
phenolate solution can be got by decantation. The remainder 
is passed through a filter-press or a vacuum-filter, the’ residue 
is washed with about 3 tons of water, and the washings 
employed in the next operation as a solvent for sodium 
sulphate. If tar-oil is employed in lieu of distilled phenols, 
a certain portion of the oil and of the'phenolate is retained 
by the gypsqm. — The solution of sodium phenolate is 
thoroughly carbonated with lime-kiln gases, and the phenols 
which separate out are run off after a few hours’ settling. The 
solution ot'S’oaiStti^carbonate, containing about i per cent, 
ph^rfdls^ can be evapdtated arid the soda-ash calcined as usual. 
In order to recover that small quantity of phenol, a correspond¬ 
ing quantity of caustic-soda solution may be addttjjefore the 
evaporation. In this case the. phenol' accumulates’ in the 
mother-liquor, which is again added at the close of a new 
o';^eration, to avoid the presence of free caustic lime, which 
impedes the settling. 
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• The same process, but eVtended to di- and trioxybenzene, 
oxynaphthalenes, and dioxyanthraquinones, has been patented 
by Landshoff and Meyer (tfer^P. 48270). They state that the 
reaction takes place most easilj* with alkaline sulphites, less 
quickly with the sodium sulphate, and still more slowly with 
potassium sulphate. 

The Chemische Fateik Ladenburg (Ger. P. 147999) also pro¬ 
posed hydrated lime for separating the phenols from the neutral 
oils. To*a ton of tar-oil, containing about 200 up to 210 kg. 
phenols, 56 kg. of lime, in the shape of^ 10 per cent, milk of 
lime, is added, thoroughly mixed, and the liquid allowed to rest. 
The^olutios of calcium pheSolatae, after being separated from 
the neutral oils, is heated at reduced pressure at 60° to 65°, until 
no more oils distil off. The clear solution of the phenolates is 
either Brawn off and decomposed by strong mineral acids, or 
the distinction is continued at ordinary pressure and by the aid 
of superheated steam, whereby half of the phenols is driven off, 
basic calcium phenolate renfhining behind. The latter is either 
likewise decomposed by a strong acid (of which, of course, the 
same quantity will be required as had been previously used for 
driving off half of the phenols), or it is united with the distilled 
aqueous liquid after separation from the phenols, and employed 
for a fresh extraction, having regard to the fact that the 
formation of a neutral salt requires only* i mol. of lime to 2 
mol. plrenols, but 2 mol. of basic calcium phenolate. (This 
patent was abandoned in 1906.) 

We do not know whether any of these processes are any¬ 
where employed'in actual practice. Probably the great majority 
of works employ Laurent’s process, with the modifications above 
described. “ 

The mixing of carbolic oil and alkaline liquicf\n\i%\. of course 
be done yery thoroughly. It seems to be indifferent whether 
tfie mixture is made at the ordinary t^4;cs>S!‘ijre or after 
heating, say to 40° or 50°, by metins of ^team-coil or stqc*^- 
jacket, except in the cg.se of oils containing a large proportion 
of naphtha^e, which should be treated after warming up, in 
order ttf^Svoid the separation of naphthalene in the solid state. 
Prebably all larger works employ mechanical means for mixing. 
At some it is done by pumping both liquids continuously bacli- 
wards and forwards, from a lower tank into a higher one and vice 

3 A ' 
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versa. At others they employ horizontal cylinders cohered by a 
bad heat-conductor, with alongitudinal shaft and agitating-blades. 
Horizontal agitating-shafts hav,i; the drawback that they must 
pass through the sides of thq vessel in stuffing-boxes; but the 
agitation caused by therh is more thorough than that produced 
by vertical apparatus. One of the best forms of the latter is 
that of a perforated piston moving up und down, as described 
by Hiibner, in Dingl. polyt. ]., cxlvi., p. 421. We shall treat 
of mechanical mixer.s more in d,ptail in the nth Chapter. 
At some places the agnation is effected by blowing in a current 
of air, divided by a cross of pipes with many holes, or a per¬ 
forated plate. This principle has,'the advantage olt dispeii^ing 
with all working parts within the liquid, and thus being equally 
applicable for acids and alkalis; the blowing can be performed 
by the same small blowing-engine which is employed at most 
tar-works for pumping the liquids by air-pressure,^but it is 
asserted that the carbolic acid extracted in this manner, owing 
to the action of the air, is more inclined to reddening than 
otherwise. Fig. 165 shows this arrangement, a is a perforated 
false bottom, which serves for dividing the current of air blown 
in through b, into numerous jets; c, manhole; d, funnel and tap 
for charging with oil and alkali; e, steam-coil; / discharge- 
cock a little above the bottom; g, another discharge-cock in the 
bottom itself. The air-'olasf must be so regulated that the 
liquid shall not be splashed about, but only made to.well up 
thoroughly. Instead of employing a plain cylinder, as shown 
here, it seems preferable to make the bottom cone-shaped, or 
to give to the whole vessel the form of a truncated cone, at 
the lowest part of which the inlet pipes for air and steam are 
situated. A detailed paper on the application of compressed 
air for the pumping and mixing of liquids has been published 
by_ Ramdohr {Dingl. polyt. ]., ccxvi., p. 158). 

AccordmgJte^iijtson Smith, the oil and alkali are mixed uji 
for^ hour and a h^Xj the mixture is then tested by mixing, 
iff'a 200 c.c. graduated cylinder, 140 c.c. ^of the alkaline liquor 
with 14 c.c. strong sulphuric acid, and allowing it to subside; 
unless at least 10 or 12 per cent, crude caebolic acict^T-und to 
collect at the top, the mixing should be continued. , 

( The mixing-vessel for this purpose is always made of iron, 
usually wrought-iron, which metal resists the liquor better than 
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any other; the steam-coils, ay-pipes, etc,, are also made of iron. 
When mixing by an air-bkst, the vessel should be only two- 
thirds full, on account of tile fkithing up. It is mostly closed 
by a wooden or iron cover, to jnirfimize volatilization. Accord¬ 
ing to the size of the works, the settling (which occupies several 
Jiours) either takes place in the same vessel, or else the whole 



contents are run into a special vessel, pl^jd at a lower level, 
so that the mixer can be charged again afohce. The settling- 
tank must have two (iron) discharge-cocks, one in the bottom 
itself, anothfi? in the side a little a\)Ove the bottom. The 
unchan^d <1.1 always floats on*the alkaline liquid, which some¬ 
times doubles its bulk and is of intensely dark brown coloun 
First of all this liquid is run off by the bottom cock, which is 
closed a*s soon as any traces of oil appear. Now the upper pock 
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is opened, through which oil entirely free from alkali can 
drawn off, whilst between the two cocks a layer of both liquids 
remains, which is best left behifid in the vessel and worked up 
with the next charge. This is facilitated by making the bottom 
of a conical shape. 

As stated by Watson Smith, the poipt at which the alkaline# 
liquid is going to change for the oily one can be safely recog¬ 
nized by the turbid, milky appearance which sets in.> 

It is imperative'to keep the'alkaline liquid as pure as 
possible from the se'parated crude naphtha, because even a 
small admixture of the latter (especially of the naphthalene 
contained therein) afterwards prevents the crystallisation c/T the 
carbolic acid. Hence great care must be taken in settling and - 
in drawing off. , 

The oil drawn off from the solution of sodium phenolate (crude 
naphtha) contains some of the higher homologues of benzene 
and naphthalene (according to K. J£. Schulze, Berl. 'Ber., iSSp, 
p. 409,15 per cent, trimethylbenzenes, 15 or 20 per cent, tetra- 
methylbenzenes, 15 dr 20 naphthalene, and a paraffin melting at 
20° C), with pyridine bases. It furnishes principally naphtha¬ 
lene, pyridine bases, and solvent naphtha of various degrees. 
If naphthalene is not wanted, this oil is usually run to the 
“light oil” (of next rhapter) and worked up therewith. 
Sometimes this does not pay, viz., when the original ,oil has 
been collected later on in the distillation; then the "residues 
are put into the creosote oil. Where naphthalene is to be 
manufactured, this oil is by far the best raw material for it, as 
we shall see below. 

This oil was formerly frequently redistilled, and the fraction 
coming over till 180° was worked for solvent naphtha, of which 
90 per cent, distils between 120° aial 160°. Since the recovery 
of benzol fron^jpke-oven gases has been very much-extended 
(vide supra, p. 70 ef'iep^, large quanfities of oils boiling between 
160° and 200° are required, free from phenols and naphthalene; 
and this has caused another process for* working-up the above- ■ 
mentioned oils, in which the pyridine bases are ais«.4;ecovered, 
as will be described in Chapttr X. in this place we only 
ipention what can be done with the oil remaining behind in 
that process, by working it for absorbing oil, as used for rerovering 
benzene from coke-oven gases. 
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^ After the bases have bekn extracted from the carbolic oil, 
it is sometimes treated quite dilute caustic-soda solution 
before being redistilled in a light-oil still, with a thermometer. 
It can serve as an absorbent fot coke-oven benzene without 
being washed with concentrated sulphuric acid, as it need not 
be colourless. The first runnings, say up to i6o° or 170°, are 
combined with a corresponding fraction of the light oil (//. next 
chapter)„and after chemical washing maiqjy yield ordinary 
solvent naphtha (120° to i€o°) with a Jtttle “absorbing oil.” 
The next fraction is collected up to #215° or 220°, and on 
distilling in a glass flask shows the desired boiling-points 
(90 ^er cent? passing over beVweeh 160° and 200"). At first it 
is but slightly yellow; on being kept for some time it turns 
darker.. The residue in the still goes to the creosote oil. 

The same oil also contains benzonitrile or sodium benzoate 
formed fi«om,this {cf. pp. 266, 306), and can be treated for the 
recovery of bensoic acid as described in the patent of the 
Aktien-Gesellschaft fur Teer- und Erdol-Industrie, Ger. P. 
109122. It is heated in an iron boiler with caustic-soda liquor 
of sp. gr. 1-4, as long as any ammonia is given off. On cooling 
the residue separates into an aqufous and an oily portion. The 
former is saturated with COj, the phenols separating thereby 
are removed, and the residue is now ^pure solution of sodium 
benzoate, from which benzoic acid is obtained as a precipitate 
of fine white crystals by adding some stronger acid. On cooling 
down, the whole liquid forms a crystallized paste of benzoic 
acid which is saleable in this state, and after re-crystallization 
or sublimation fields an excellent description of benzoic acid 
for pharmaceutical anc^ other purposes, since it is absolutely 
free from chlorine compounds. 


T'reatment of the Liquor containing Sodium Phcp'^tate (Carbolate) 

This liquor, to which is regularly ad6ed that obtained in 
the washing of benzol and light oil, may be at once decomposed 
fiy acid. ^Ptet it is usually preferred to interpose a special 
treatment for the removal of impurities. Thus Vincent (quoted 
by Payen, Pricis de Chimie Industrielle, 6th ed., ii., p. 9^1) 
adds to the liquor five or six times its bulk of boiling water, tt) 
precipitate the dissolved hydrocarbons. This should not be 
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overdone; and anyhow the su((!cess of this operation will 
depend upon the fact whe^ier i^ore or less concentrated 
alkali has been employed from ‘the first. (Vincent starts with 
concentrated alkali.) Schnit 5 ;ler. (Z>f«^/. polyt, J., ccxiv., p. 86) 
recommends, as extremely efficient, heating the dark liquid in 
a copper still over a strong fire till tjie, distillate (consisting 
of water, naphthalene, oils, and phenol) turns milky; the 
thermometer will then stand at 170°. Most of '.he phenol 
remains with the sodk as a mass Solidifying on cooling. It is 
dissolved in water irf' the still itself, and is diluted to three 
times the original bulk. After sqpie days a mud is deposited, 
from which the clear liquor is separated. TKe latter is 
decomposed by dilute sulphuric acid ; and the phenol separated 
is distilled from a glass retort. After putting aside th/r water 
coming over at first, colourless liquid phenol of honey-like (?) 
smell was obtained, which solidified on the addition 6f a small 
piece of calcium chloride, or a crystal of carbolic acid. The 
portions passing over last were faintly yellow, and contained 
more liquid parts. The crystals, after draining them by means 
of a Bunsen pump and pressing them between paper, remained 
white for months in a stoppered bottle in moderate daylight; 
in an open glass they soon turned pink, and at last deliquesced 
to a yellow-red liquid, ifhe colour was evidently produced by. 
particles of dust floating in the air (? see below). 

For the large scale Schnitzler recommends a wrought-iron 
still with a block-tin, lead, or copper worm, and to put a second 
delivery-tube lower down for use in the later stage of distilla¬ 
tion. Insufficiently heated sodium carbolate yields yellow, 
unpleasantly smelling phenol; it is -essential to completely 
remove the colauring impurities by evaporation or carbonization, 
etc. An experiment with calcium"carbonate did not succeed 
(perhaps because there was an excess of lime); the m'ass turned 
spongy, conducted the heat badly„and retained tarry matters 
and naphthalene. ' ^ 

Another purifying process is describfed in Stohmann-Kerl’s 
Chemistry (3rd ed., vi., p. 1181). The crude sodiws ^urbolate 
is run into open wood tubs, on *the bottoms of which is laid a 
steam-coil perforated with many holes. The liquor is moder- 
a'tely warmed; and enough freshly prepared cream of lime is 
adde^ to make the whole milky white. During this operation* 
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the mass is worked up witl a wooden rake, and the heating 
is continued for twelve hou^. After a few hours a skin appears 
on the surface, which gradualSy turns into a red foamy scum. 
This consists of the naphthalene* left in the liquor, mixed with 
lime.^ It is carefully removed with a perforated wooden scoop, 
either at once, or at .least after the liquor has cooled down. 
Thus all naphthalene, even to the last trace, can be removed ; 
but it i« %nost essential to keep the .heat at the right point. 
The temperature must nev%r rise so hi^ that the liquid wells 
up strongly. Perhaps an insoluble compound of lime and 
naphthalene is formed; bu^-^the action of the lime may be only 
meShanical'-the naphthalene being secreted from the alkaline 
liquor as it is diluted by the steam blown in. In,any case the 
tubs must be left uncovered and must stand in a cool room. 
When the naphthalene has been completely removed and the 
liquor Hhs eettled, it is carefully drawn off frob the lime 
remaining at the bottom, ajid is decomposed by sulphuric acid. 

The following process is now generally employed for the 
previous purification of the liquor:—It seems to be efficient and 
indispensable for obtaining good crude carbolic acid (free from 
dissolved or finely suspended* hydrocarbons, a very slight 
admixture of which afterwards impedes the crystallization of 
phenol) that a current of steam is passgd into the liquid, contained 
in an iron still provided with a refrigerator, till a sample of the 
distillate is perfectly clear and bright, without any milkiness. 

The stills employed for this purpose are usually oH steam- 
boilers or tar-stills, of a capacity of 5 tons and upwards, pro¬ 
vided with a Jire-grate and an open steam-pipe, as well as a 
cooling-worm for the ^apours. At, first they are heated by an 
open fire, until the distillate is entirely free frem oil, but even 
after several days’ firing •the water coming over has still a 
disagreeable smell. This is removed by finishing the operation 
by blowing in direct steanj during six hours; before doing this, 
the manhole is opened, so that the stear^ escapes into the air. 

The solution of sddium carbolate in the still is now a dark 
liquicj. entirely soluble in water, except a few floating solid 
particles, consisting of empypeumatic substances, which must be 
removed by filtration before separating out the carbolic acid. 
The pnly distillate collected during the operation is worked Tor 

we shall see. 
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Now follows the decomposition of the alkaline solution of' 
phenols by mineral acid, and the sepOifation of crude carbolic add. 
This operation is generally performed in a wooden vessel lined 
with lead, which may be provfded-with a mechanical"agitator; 
but in this case mixing by hand is easy and simple. Kraemer 
and Spilker {supra, p. 733) state that; iron vessels may be 
employed, as the reaction is first alkaline, then neutral; but 
lead-lined vessels are preferable, as in this case a slight excess 
of acid does no harrrl., Sometimes''this tank is covered over, 
so that any noxious gales escaping in decomposing the sodium • 
phenolate by acids can be conveyfd under a fire and burned. 
The acid employed for the decomposition is mostly sulphuric 
acid. The solution of sodium sulphate resulting from this is 
probably never utilized as such; and the spontaneously o^ystal- 
lizing Glauber’s salt is also of very small value.' If dilute 
caustic liquor and sulphuric acid of 140° Tw. be eraplflyed, but 
little will crystallize out .spontaneously. Some tar-distillers 
take strong oil of vitriol (sp. gr. 1-84); but this is worse than 
useless, as sulphophenols are formed, which in the subsequent 
distillation decompose and carry sulphurous .acid inte the 
carbolic acid. The addition of the sulphuric acid must be 
cautiously made, to avoid strong heating, and is continued 
till the reaction has become distinctly acid. The men can 
tell this from the change of colour, without applying litmus- 
paper. According to Watson Smith, 1000 gall., treated with 
400 gall.-of caustic-soda solution of sp. gr. 1-090, require about 
22 J gall, of sulphuric acid of sp. gr. 1-74. 

It has been several times attempted to replace sulphuric 
acid by «the “ acid-tar,” formed in wasting the light tar-oils 
(Chapter XI.),ai!ter depriving it, by dilution with water, of most 
of its tarry parts. But it is still very impure; and its use for 
decomposing sodium phenolate has been given up eve'rywhercj* 
as the saving of acid does not compensate for the contamination 
of the phenol. It is triie that another motive for this procedure 
•was the desire to get rid of that acid refuse; but the proposal 
of E. Kopp, to combine the employment of this refuse ^id for 
decomposing the sodium phenolatenvith wdrking-up the resqlting 
solution for the bases contained in coal-tar, could hardly be 
'' ‘ According to Watson Smith, the crystals always turn blue on standing 
in the air. 
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expected to meet with success, looking at the deterioration of 
the carbolic acid. We shm see in the next chapter that this 
“ acid-tar ” is now generally worked up for the recovery of the 
pyridine bases. . . * 

According to Watson Smith, in Lancashire at his time even 
fresH sulphuric acid qjade from pyrites was not employed for 
this purpose, but almost exclusively acid made from Sicilian 
brimstone. [This was probably done in consequence of an 
unfounded prejudice; for fhe reason, giyon in the J. Sac. Chem. 
Ind., 1882, p. 342, that pyrites acid# discolours the sodium 
sulphate, cannot hold good here, as the value of the crystallized 
sodium suTphate is very slight,‘and certainly much less than 
the difference in price between pyrites acid and brimstone 
acidmoreover the sodium-sulphate solution is nearly always 
run to waste.] He further mentions that attempts had been 
made, but. unsuccessfully, to replace sulphuric acid by 
hydrochloric acid, which j;s cheaper [and causes less trqpble 
by crystallizing salts]. The aileged reason of this failure is 
that chlorides of ammonium and organic bases are formed, 
which later on are decomposed, and action upon the iron of 
the stills ensues; the ferric chlcyide distils over, and makes the 
carbolic acid dark and dirty. Ammonium sulphate produces 
no such consequences. [Against tjjese statements must be 
placefl the fact that some of the best (German works employ 
hydrochloric acid, and among them are those that turn out 
the very finest quality of white crystallized carbolic acid.] 
Lowe and Gill,[B. P. 1453, of 1880) propose decomposing 
the alkaline phenol solution by sulphurous acid. The aqueous 
solution of the bisulphite formed >n this operation*is either 
to be evaporated for crystallization, or employed for preparing 
sulphurous acid again. TSie sulphurous acid would be obtained 
..very cheaply by working-up the “ acid-tar ” from the washing of 
crude naphtha {cf. this in Chapter X.). But H. Kohler {Carbol- 
sdure, etc., 1891, p. 33) has shown that rfo saleable bisulphite 
can be made in this way, since the SO^ from “acid-tar” is too 
much contaminated with empyreumatic substances. Moreover, 
the ‘^cid-tar” is mofe advantageously employed for recovering 
the pyridine bases. But he found, at least in the laboratory, 
that the SOj can be purified by suitable means, such’as 
ad(jjng sulphuric acid, creosote oil, wood charcoal, etc^ before 
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passing it into the solution of sodium phenolate, by means of 
a Korting’s injector. The solution^ of sodium sulphite thus 
formed might be decomposed * by caustic lime (a process 
described in Gutzkow’s Amdr". P. 198293), thus recovering 
caustic soda, and calcium sulphite, to be used as such or for 
the recovery of SOj. This process might also be comliined 
with that of Knights and Gall (p. 735), by employing the 
sodium sulphite solution, mixed with caustic lima>, Jbr the 
extraction of fresh quantities of cafbolic acid. 

Kohler [loc. cit.) fourfd that nitre-cake (acid sodium sulphate, 
with about 30 per cent, free SO3) pan be very well employed 
for decomposing the sodium'pheholate, either in ^Solution'' or 
in the state of fine powder. This is especially advantageous 
where calcined sodium sulphate (salt-cake) can be cheaply made 
from the crude Glauber’s salt crystallizing out in the process. 

In the place of strong acids, carbonic acid can he eSnployed 
fat.decomposing sodium phenolate.. In Scotland this process 
seems to have been used for some years;' Bronner,® of Frank¬ 
fort, had previously used it many years ago. A patent has 
been taken out by Clift (B. P. 967, of 1880) and another by 
Wischin (B. P. 3750, of 1880) fox this process, which is nowadays 
probably employed in most well-equipped factories. 

The carbon dioxide uspd for this purpose need not be any¬ 
thing like as pure as that required for other purposes, e^., for 
making soda by the ammonia process. It is quite sufficient to 
make it by the action of limestone and coke (not coal; for of 
course the COj must be free from bituminous substances) in a 
cupola furnace, and purifying the gas from dust'and also from 
SOj. This can be done by passing the ^ases through a shaft 
filled with lumps, of limestone, kept moist by a current of water. 
Since, anyhow, a pump is used for miving the current of gases, 
there is no difficulty in this process. The purified gas,*‘which is- 
under a pressure of J to J atmosphere, is now passed into the 
sodium carbolate licfUoY by means of a perforated pipe lying 
at the bottom of the tank. 

If the decomposition 'can really be completed without 
wasting too much carbonic acid, which is achieved by employing 
two or three vessels in succession, so that up to 90 per cent. 

c 

‘ Mills, Destructive Distillation, p. 17 . 

^ Private communication to the author. 
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of the COj is utilized, theraare considerable advantages gained 
by this process as againstyme employment of strong acids. In 
the former case the soda if not lost, as in the latter, but is 
recovered as carbonate aacl (»n be used over again after 
causticizing. There would not, as now, be a rather consider¬ 
able amount of phenol lost, either dissolved or suspended in 
small clrops, in the solution of sodium sulphate or chloride; 
for as ihe liquor is causticized and used aga,in, the phenol would 
be recovered. No washing of the phenol would be at all 
necessary, as the latter would retain mo mineral acids, which 
probably give rise to the formation of traces of rosolic acid 
(P>28o), a'Ad thus turn theVarbblic acid red.* This, of course, 
presupposes that the carbonic acid itself should be entirely free 
from .stronger acids, which is hardly the case in the ordinary 
way of working, since even the COg made from coke or in lime¬ 
kilns iscoqtaminated with sulphurous acid. It seems therefore 
necessary to wash the carbon dioxide most thoroughlyjuth 
water, or else to produce it by tjie action of superheated steam 
on limestone in iron retorts. Lest too much of it should be 
wastet}, it should be divided into numerous jets by a perforated 
false bottom or the like, and seyeral vessels should be employed 
in rotation to utilize the gas methodically, so that the fresh gas 
(which in the case of lime-kiln gages contains upwards of 30 
per cent. CO.^ by volume) is always brohght into contact with 
nearly saturated liquor, and the poorest gas with fresh liquor, 
on the same principle as that in accordance with which black 
ash is lixiviated.^ There would also be this advantage, that, as 
the carbonic &cid need not in this case be free from oxygen, any 
fire-gases might be^sed, if wel( washed; oxygen rf;ven acts 
advantageously here (vide tnfra). ^ 

According to Spilkeil {loc. cit., p. 81), the treatment of 500 
..tons pbenol-cresol mixture per annum requires the carbonic 
acid produced by a lime-kiln of 2-3 to 5 ft. diameter, and 10 to 

' According to Dr Kraemer (priv. comm.) the reddening of phenol is 
caused by benzoic acid, contained in the crude phenol, which passes over in 
the distillation and takes up some iron from the cooler. The ferrous salt 
thus«formed is converted into ferric salt by the oxygen of air, and this 
produces the red colour. 

2 This is described in detail in my treatise on the Manufacture of 
Sulphuric Acid and Alkali (Gumey & Jackson), 3rd ed., vol. iii., 1911, 
pp. 300 et seq. 
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i6 ft. high, provided with an outsride sheet-iron covering for 
keeping the brickwork together ank keeping the air out. If 
the kiln is properly built and cartfully attended to, the charge 
should be 4 limestone to i coke. .The less coke is consume^, 
the richer in COj will the gases be, which are aspirated from 
the upper part of the kiln below the charging-funnel by an 
air-pump or exhauster, and carried away with a plus-pressure 
of about J atmosphere. Before entering into the air*pjimp or 
exhauster, they pass through an air-c®oler and a washing-tower, 
about 15 ft, high and V2 ft 6 in. wide, filled with limestone, 
over which so much water trickles down that the temperature 
of the gases going away from it is a^out 40° or 50°. / > 

J. Hardman (B. P.7079, of 1885) runs the alkaline solution of 
the phenols down a coke tower, in which ascends iippure 
carbon dioxide, namely, the gases from the manufacture of 
ammonium sulphate, after having been freed frop *ulphide 
pf^,hydrogen by oxide of iron. The inventor also utilizes the 
suggestion (already mentioned in the first edition of this 
treatise, 1882) to recausticize the alkaline carbonate formed, 
and thus to save the 2 or 3 per cent, of tar-acids otheiwise 
lost with the sodium-sulphate .liquors. According to G. E. 
Davis (/. Soc. Chem. Ind., 1893, p. 233) this process was then 
regularly in use at Hardm^’s works. 

W. Mason (/. Gas 'Lighting, 1910, p. 947) recommends ^as a 
source of COg [which has been utilized for a great ‘many 
purposes for many years ! ] the waste gases from the manufac¬ 
ture of sulphate of ammonia, after cooling, washing, and taking 
out-the hydrogen sulphide by means of ferric oxidA According 
to him, if,a reflux-cooler is interposed befayeen the column for 
driving out the J^Hj and the saturator, by which means the 
HjS is kept out, the gases issuing fronfc the saturator are nearly 
free from moisture, so that there is no cooler and*washer, 
required for them [which seems very doubtful! ]. In Met. Chem. 

. Engin., 1915, p. 293, Mason gives some details on this process. 

Kohler* (/of. «■/.) has introduced into* the manufacture of 
carbolic acid as a cheap sburce of carbon dioxide the crude 
bicarbonate prepared in the manufacture of ammonia-soda, 
which is put into the hot, steamed-out solution of sodium 
phtfnolate, with vigorous agitation. The concentrated solution 
of sodium carbonate, formed in fhis process, is cooled down for 
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crystallization, the crystals jare calcined, and the mother-liquor 
is causticized, in order t^ serve again for the extraction of 
phenols. By this means he ofctained phenol of blameless smell. 
It shouW, however, be notpd ihat this process can only pay 
when there is a good price obtainable for the crystallized 
sodibm carbonate. 

Some experiments made in my laboratory {C/iem. Zeit,, 
1883, B'*29) seem to show that the separation of phenol from 
its salts by means of carbonic acid is ^complete. It may also 
be stated that difficulties which formerly caused some manu¬ 
facturers to abandon this process, after trying it for a while, 
. haVe beerj\,overcome, and can’ be recommended without any 
hesitation. 

^ Sjflphuretied hydrogen has also been proposed for decompos¬ 
ing the carbolate of soda (Jane, Elland, and Steuart, B. P. 2469, 
1883). *Sii)ce the patent was annulled, owing to the neglect of 
filing the final specification, there does not seem to be much 
in it. 

After the separation of the crude carbolic acid, the solution of 
sodiujn sulphate, if sulphuric acid has been employed, must be 
drawn off hot', lest it crystalline in the precipitating tank. If 
. hydrochloric acid had been employed for decomposing the 
sodium phenolate, there is no such^anger, and more time can 
be given for the solutions to clear, so rtiat less phenol is lost 
with fhe solution of salt. The latter is drawn off by a tap in 
the bottom, which is shut the moment any carbolic acid appears, 
whereupon the latter can be drawn off in the pure state from 
another tap higher up. It is preferable to leave the carbolic acid 
to itself for a day y two to cl^ar, so that the sa^t solution 
suspended in it may completely separate at ^he bottom: this 
can be done in a special lettler. The longer the time given for 
,the salt* solution to separate from the carbolic acid, the better 
for the quality of the latter. 

Working up the Crude Carbolic Acid} 

Crude carbolic acid has a specific gravity, varying with its 
contents of water frRm i-05«to 1-065 at 15°, and is essentially a 
mixture of phenol with the three isomeric cresols and xylenol. 

‘ Much of the following is taken from H. Kohler, Carbolsaure*und 
Carioisaure-prdparaie, Berlin, 1891. 



750 CARBOLIC OIL (MlODLE OIL) 

It should not contain any neutral tar-oils, naphthalene, etc. 
We shall later on describe the methods for examining it. 

In many cases the crude carbolic acid is now sold as such; 
in other cases it is washed ence or twice with water, with 
addition of a little sodium carbonate, in order to remove 
the mineral acids—which, however, is never done completely, 
because the washings would carry away too much carbolic acid. 
In any case the washings should not be thrown aw^y, but 
employed for dissolving the caustic^-soda. The washings are 
found floating on the t(y) of the carbolic acid, and are run off 
best by a drop-syphon (Fig. i66), which can be gradually turned 
down. This i? mu/n more convenient than' a 
common siphon. , 

According to Spilker [loc. cit., p. 8i,) the 
quantity of water (or sulphate-of-soda solution) 
contained in crude phenol is about 1,5 p^r cent, 
that of the cresols about 10 per cent; it can 
be diminished ,by adding a little solution of 
sodium bisulphate or sulphuric acid’of 60° B., 
thorough stirring, and drawing off the _ l\eavy 
salt solution accumulating at the bottom. 

Bickerdike {them. News, xvi., p. 168) recom¬ 
mended foj^ the same purpose the addition of 
I or 2 per cent of dthydrated cupric sulphate, but on the 
large scale the water is simply removed during the Various 
redistillations. 

The waste-water running away in carbolic acid manufactures 
generally contains traces of that acid, which are Very trouble¬ 
some whep that water gets into a public water-course; even its 
treatment with l^me does not quite remove the smell, Weigelt 
and Mehring (C/ 5 «»r. Ind., 1904, p. 596)Ipropose effecting this by 
treating the waste-water with ozonized air, but this is probably , 
too expensive in ordinary circumstances. 



Fig. 166. 


Manufacture of Pure Carbolic Acid 

The first distillation of crude carbolic dcid has merel^ the 
object of removing the water and the residue from the principfil 
fraiJtion. The water goes away almost entirely at 100°, 
'whereupon the boiling-point rises rapidly, and at 180° anhydrous 
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phenol passes over. This distillation is effected in stills (Fig. 
167), holding up to 10 or i^tons, made of cast- or wrought-iron 
and not too high. They are hjated from without, with a curtain, 
arch protecting them against th^ direct flame. A thermometer 
is fixed in such a tnanner that its bulb is at the level of the 
still-head and the scale is outside. In this first distillation the 
cooling-worm may be*of iron. In distilling, the first fraction 
consists everything coming over below 180°; this is mostly 
water, with hydrocarbons separating out above and some phenol, 
which is recovered later on. The second fraction, between 180° 
* and 205°, is allowed to crystallize; it goes up to the point where 
a s^ple o^he distillate yie'ids n:/more crystallizable products. 
A thkd fraction is made up to 220°. The residue is either at 



Fig. 167. 

once run to the creosote oils, or el.se it is again distilled with a 
coal-fire or with open steam, in order to yield liquid carbolic 
acid {i.e., cresols). In the latter case the last residue is of the 
nature of soft pitch, arflJ is used as ^uch. 

It is of the greatest importance not to work*too rapidly, as 
the phenql cannot be separated from the cresols if the operation 
ft hastened. Up to the end of the second fraction the distillate 
should not run in a jet of*greater thicknejs than an ordinary 
lead-pencil; afterwards the fire may be increased. The time 
occupied for a 15-ton still should.be from twenty-four to 
twen^eight hours. ^ skilled workman can manage without 
a thermometer. 

The third fraction is redistilled in the same apparatus. Jt 
yields^ of course, no aqueous first runnings, and only very little 
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of the oils distilling up to 205“, But principally the fracticJn 
passing over between 205° and 27 (f, and small quantities of 
residue which is worked up as dsscribed supra. This fraction 
contains principally the three cresols, but also coijsiderable 
quantities of crystallizable phenol—^just as the fractions up 
to 205°, although they crystallize on cooling, are strongly 
contaminated with cresols. 



If the distillation is carried on very slowly, it is unaecessarj; 
to employ stills with a column-head like that shown in Fig. 168, 
which, however, is preferred by somt manufacturers. Another 
' apparatus, by which phenol is said to be ccompletely separated 
from its homologues, is shown in Fig. 169. Three or four stills, 
placed in a row, are simultaneously chargtd with crude carbolic 
acid. They are heated by means of coal-fires or by steam-coils; 
the first of these mpst receive superheated steam. The heating 
commences in each at the same time; the last stills are stopped 
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when their contents are at 8o° C. The heating of the first still 
is continued, and the vapows given off by it suffice for distilling 
the contents of the following *ills. By this process, it is stated, 
the last Btill yields a produpt drystallizing at once and ready 
for use. 

We can understand the fractionating action of this apparatus, 
but we doubt whether phenol obtained from it by a rough 
distillation will fulfil the present requircmei\ts of the trade for 
crystallized carbolic acid. • 

According to Marzell {Cheni. Ncw.% xxxviii., p. lo;), some 
English manufacturers employ the apparatus constructed by 
Giflard and^elaire for the ^par^tion of aniline and toluidine. 



Fig. 169. 


which must also be suitable for phenols, as their boiling-points 
very nearly agree with those of the amides. In Fig. 170, g 
represents a stftll with discharge-pipe (/), manhole {h), thermo¬ 
meter, vapour deliveryipipe (a), and a pipe (b) for running back 
the liquid that comes^rom the separator {k). This separator, 
formed of lead pipes, is pimped in a trough (J) filled with pure 
phenol or with oil or paraffin, heated by a separate fire and 
covered by a lid in which is fixed a thermometer and a pipe {<£) 
which, when phenol is employed, leads to a> worm {r') or, in the 
case of oil or paraffin,.into a chimney. The separator itself is 
connected by /with another worm (r^. 

When the still g i« fired, l^e vapours pass into k, and heat 
the contents of f to the boiling-point of phenol. This is hastened 
by first heating up i nearly to that point. The phenol vapour 
given^3ff in i is condensed in the worm r. The vapours passing 

3 B ' 
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tlirough the bends of k are here separated into a liquid 
portion, essentially cresol, which collects below in e and runs 
hack to g, and vapour of pute phenol, which condenses in r. 
When aH the phenol has passed over, the cresol, if required, 
can likewise be obtained pure, i.e., free from less volatile 
products; but in thal^case f must be filled with oil or paraffin 
and heated to 201°. 

Girai'J’s apparatus might be improve^l by bending the 
connecting-pipe b so as tft make a hydraulic lute, and thus to 
prevent the vapours from passing at »nce to the back part of 
k. Its action would even then be hardly as perfect as that of 
thd-more mpdern column apparatus, which will be described in 
the uth Chapter; and it is indeed quite possible (according to 
priva^ information received from Dr C. Haussermann) to use 
a Savalle still, such as will be described there, for phenol, with a 
few slight njodifications. 

For the distillation of mother-liquors and of such fractions 
do not separate any crystals oncoqling, which, therefore,have been 
deprived of most of their crystalUzable phenol, efficient column 
apparatus, as shown supra, are indispensable. Considering the 
slight difference in the boiling-points of pure phenol (183" to 184’’') 
and those of the cresols (o-cresol 191'’, «-cresol 203°, and /-cresol 
204°), this goes without saying, ^nd yet it is possible by 
means of fractional distillation and partial crystallization, to 
obtain phenol nearly free from cresols,crystallizing at about 35°, 
but not entirely, since the resulting mixture of cresols retains 
from 5 to 15 per cent, of phenol. The result aimed at is: to 
split up all fhe mother-liquors, first runnings, intermediate 
fractions, etc., into cry.^tallizable phenol and a mixture •f cresols, 
boiling upwards of 190°. m 

The large German Ar-distilling works distil the crude 
phenol in simple stills, provided with a column or with a long 
head, but for the further splitting-up of the distillates they 
employ more efficient cofumn-apparatus. ’ 


Crystallization of the Distillate. 

The above-mentioned principal fraction is left to crystallize 
in a cool place, in large funnel-shaped vessels with a tap bel(^v, 
thtou^h which afterwards the mother-liquor can be drained 
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away. The latter is a solution of phenol in cresol and is re¬ 
distilled. Its separation from the crystals may be facilitated 
by a centrifugal machine. A suff.ciently low temperature can 
be obtained during the suminenseapon sometimes by circulation 
of cold water, sometimes only by a freezing mixture. At 
larger works a cooling-cellar is employed. It is best no't to 
cool below 12" C, since otherwise the solidifying parts of the 
product will not cojpe up to the standard. <• „ 

It is decidedly preferable to charge the crystallizing vessels 
direct from the cooling^room. The first vessels thus yield far 
more crystals, the cresols accumulating more in the last vessels. 
These vessels are somewhat deep foxes with handje«, mada'af 
strong sheet zinc, holding 25 to 40 gall, which can be loqsely 
suspended in a trough filled with running water. When the 
crystallization is fini.shed, the boxes are placed upside down in 
a large tray, to draw off the mother-liquor, and the,crystals are 
^■ultin mtelv further drained in a centrifugal machine with 1500 
or 2000 revolutions per minute.^ 

The mother-liquor, and also the third fraction of the first 
distillate (both separately) are redistilled as described for the 
first operation, and this is repeated so long al any crystals 
separate out. It is evident that no general instructions can 
be given, but that the fractions, which may become very 
numerous, must be grbuped according to their boiling-points,so 
as to separate the homologues and ultimately cause the tftTiling- 
points to become constant within a few degrees, viz., 184° to 
188° for carbolic acid and 200° to 203° for cresylic acid. The 
ordinary crystallized phenol boils at 186°; if the'purest phenol, 
boiling at 182°, is required, t^je thermometer should be observed 
accordingly. e, 

For the following detailed description of the manufacture of 
pure carbolic acid, as practised in Lancashire, I am •indebted, 
to Mr Watson Smith;—The crude carbolic acid is distilled in 
cylindrical wrought-iron stills 2 ft. ^ in. wide, 2 ft. 2i in. high, 
with a head sf in. wide, and a thermometer. The worm 
should be made of zinc-^lead, copper, and tin having been 
tried and failed. Three differeijt fractions are made;''iitst, 
water, with some oil; second, good, crystallizable oils; third, 
oife not crystallizing, containing cresols and naphthalene 
{cf. Lowe’s prescription, p. 733 et seq.). If the crude pheilol be 
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good, the second fraction will crystallize on standing. It is well 
agitated with some highly concentrated and pure sulphuric 
acid, in the proportion of i ^art acid to 50 parts of phenol by 
weight; ‘with inferior phenol, 2*parts acid to 50 phenol may be 
used, but never more: and only one such treatment should be 
employed; otherwise the oils will not crystallize afterwards. 
In this process the phenol deepens in colour, turns pink, and 
becomes* perceptibly warm. The mixture, well agitated, is 
poured at once (this is ■\!ery essential.)’into the still, and the 
distillation is commenced and carried Ihrough without stopping 
and starting again. The first products come over between 
150° and iSo" C.; and the distillate often crystallizes immedi¬ 
ately after dropping. Not much comes over below lys”; and 
it is tetter to keep this separate. Usually most comes over 
between 175° and 185°. At this stage the contents of the retort 
commence •to coke, and the process is stopped. The contents 
of the receiver are alloweckto stand for several hours, in 
cool completely and to crystalli2»e. The mass obtained is set to 
drain for two or three days, the more thoroughly drained upper 
porti'^ns bein^from time to time removed. To a portion once 
crystallized no fresh distillate must ever be run, as it would 
rech'ssolve some of the crystals Care must be taken not to 
crush the crystals. The oil that draii^ from them is technically 
termed “ phenylene." This is again distilled and more crystals 
obtained from it, which are drained; and the resulting “pheny¬ 
lene” is distilled a third time, but without further treatment 
with sulphuric acid. In distilling the “ phenylene” oils, it is usual 
to leave in the retort gall, (sometimes 2) out of every 20, this 
residue being technically termed “ terebene.” It is as^med that 
the latter contains the oils which would prcvent»the phenol from 
crystallizing. When the * phenylene” has thus been exhausted 
■ by two or three distillations, it is set aside as “ bad phenylene.” * 

In lieu of these repealed fractional distillations it has been 
found advantageous to artificially cool the “phenylene oil” by 
refrigerating machines. 

All the drained crystals obtained as above mentioned are 
now fused on a water-bath ;%the liquid is poured into an iron 
retort with a zinc worm, and distilled—the first small portion 
'the terms “phenylene” and “terebene” are used only as private 
mark^and are not generally employed.—G. L. 
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(containing water) being rejected, and most of the remainder 
received into bottles or other vessels, where it solidifies quickly 
on cooling, forming a white crystalline mass, which is sold 
as “ pure commercial carbolic atfid,”. The sniall quantity left in 
the retort is classed as “ terebene oil.” A purer product than 
the above is obtained by placing the bottjles upside down for a 
day, re-fusing the drained mass on a water-bath, and pouring it 
into fresh, perfectly.clean and dry bottles or other vessCls The 
liquid now sets perfectly hard and Very white, and is termed 
“ finished commercial carbolic acid.” 

For “finished medical carbolic acid,” the first crystals 
obtained from “ phenylene oils ” ^'by draining aJJ-- night ‘are 
melted into a glass retort, and a little of a mixture of equal 
parts of sodium bicarbonate and pure litharge or red lea^, well 
mixed and pulverized, is added. A very small quantity of this 
suffices; the lead oxides probably act by retaining'sulphur 
»isam^unds. After standing for sonr^e time, distil into a clean 
dry ve.ssel, rejecting the portionr first coming over, which contain 
some moisture. The crystals obtained are fused on a water- 
bath; and the resulting liquid is poured into clean dry .ijpttles, 
in which, on cooling, it forms ppre white and solid crystallized 
carbolic acid. [The addition of sulphuric acid in the first 
distillation is not practised,anywhere else, and is no doubt the 
cause of the coking o'bserved at such a low temperature. ^ The 
dehydration of the phenols is quite easily performed without 
it. The described process will yield technically pure carbolic 
acid, but not an article suitable for pharmaceutical purposes. 
Kraemer (priv. comm.) considers the sulphuric-acid treatment 
and especially the distillation of the pheqol with it, as entirely 
misplaced, since the distillate will always contain SOj. He 
distinctly warns against the method* in question.] 

The following description of the manufacture of carbolic, 
acid in England comes from an official, and hence authentic, 
source {Dr Ballard^ Sanitary Report to the Local Government 
Board, for 1878, p. 151). Carbolic and cresylic acids are 
prepared from the crude acids by a series of fractional distilla¬ 
tions and crystallizations. For Hiese distillations iron sl'ffls, 
capable of dealing with charges varying from 150 to 500 gall., 
arfe used; they are heated by a fire beneath. The crude acid 
is tran/iferred from the casks in which it arrives at the works to 
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a closed tank, preferably sunk’in the ground, from which it is 
pumped into the still. The residue of the first distillation, 
which is or ought to be coniucted to dryness, is a light and 
spongy eoke, which, when the still is cool, is broken up with 
an iron bar and removed through the manhole. It is used as 
fueir During the last part of this first distillation offensive 
uncondensable gases are given off. When, on subsequent 
distill^ffcn, an acid is distilled off which solidifies at a higher 
temperature than that which results from the first distillation, 
the acid is apt to solidify in the p^e, and hence the pipe 
leading to the condenser is provided with a short-necked 
oftcning, capable of closuit, thAough which, if necessary, hot 
water may He introduced to clear the pipe. The products of 
condensation are collected in numerous small fractions, and are 
usually received in a series of galvanized iron vessels, which are 
left opan djiring the process of their filtering, but covered with 
a lid when they have become full. Carbolic acid is most 
abundant inthe earlier, and cr^sylic acid in the later, fffittions. 
The vessels containing the products of distillation are then set 
aside to cool, when the carbolic acid crystallizes, while the 
cresylic acid, holding some carbolic in solution, remains liquid. 
The liquid matter is then drained off through an opening near 
the bottom of the vessel, and is subjected to a second distilla¬ 
tion for the purpose of obtaining tfic^canrholic acid it contains. 
When all the liquid has been drained off from the crystals, or 
removed by the aid of a centrifugal machine, the carbolic acid 
' obtained is again distilled, and the cresylic acid, after crystalliza¬ 
tion of the carbolic acid in the receiving vessels, is drained off 
by inverting the latter over a trough. By the first ^distillation 
and crystallization, as conducted at Lowe’s works, a carbolic 
acid fusing at 29°-5 C. igiobtained. The second distillation and 
crystallisation gives an acid fusing at 35° C. The acids, of the 
fusing-points mentioned above, are next melted in a steam- 
jacketed vessel and mifted with water the liquid hydrate of 
cresylic acid is separated mechanically in the usual manner; 
and the solid crystalline hydrate of carbolic acid is submitted to 
f.tittional distillation, by which process the fusing-point of the 
dry acid is raised to 42°-2 (!. All these are “ commercial ” acids, 
and for medical purposes still require refining, in ordv to 
remove from them the last traces of neutral hydrocarbons, of 
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the offensive sulphuretted co!npbunds, tar-bases, etc. At 
Calvert & Co.’s works the commercial acids are refined by 
suitable acid treatment for the reiaioval of the bases and neutral 
hydrocarbons, and by treatmosnt with acetate of lead for the 
removal of sulphuretted hydrogen. After this the acid is re¬ 
distilled in glass retorts heated by a sand-bath, each I’fetort 
taking a charge of about 40 lb., of which four-fifths are distilled 
off. The residue in the retorts is a blackish, treacly substance 
which crystallizes imperfectly, and which is dealt with elsewhere 
for the recovery of sujph carbolic acid as it contains. The 
liquid cresylic acid which results from earlier operations is 
refined in a similar manner by distillation with acetate of lead ; 
but an iron still is used for this process, and the distillatipn is 
carried to the production of a coke. ^ 

In order to prevent the nuisance arising from the escape of 
offensive uncondensable gases, which are sometimes^petceptible 
for a distance of at least ic» yards, the following arrangement 
Ts carried out at Mr Lowe’s works. 'The pipe from the worm 
condenser, at a distance of a few inches from the place where it 
issues from the tub, divides into two branches, one of which 
descends and carries off the condensed liquid, a gas-trap being 
formed by a bend of the pipe, 'fhe other branch ascends and 
conducts any uncondensed gases to a 6-in. main pipe, which 
runs along the front of tSie whole range of stills. From this 
main a pipe conveys the gases to a small worm condenser, and 
from this to a stoneware bottle which receives all liquid matters 
condensed here. A pipe proceeding from this bottle is supplied 
with a steam-jet, which aspirates the gases fri/m the main 
and drives them onwards through water or milk of lime, con¬ 
tained in a cask, whereby sulphuretted hydrogen is arrested; 
and from this washer a pipe conveys tjhe residual gases into the 
ash-pit of a fire. Should the gases chance to ignite, the ignition 
would not proceed further back than the cask. 

The open receivers, des,cribed above, are a source of 
nuisance, from the general odour of crude,carbolic acid. This 
may be considerably lessened by receiving the condensed 
liquids into covered vessels, as shown in^Figs. 171 and 
A series of deep narrow pans {a u) are set side by side, with 
intervals of a few inches between them, within a wooden case 
(i), filled with brine, which can thus circulate around and between 
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the pans. All the upper pdrt If the case is closely covered, so 
that only the tops of the receivers are seen, which are kept 
covered by wooden covers. Hhe condensed products are con¬ 
veyed byi a pipe (c), having smalljbranch pipes with taps opposite 
the several receiving-pans, which pipes discharge into the pans 
beloW their covers. ^Should any pan become too full, the 
surplus can be run off from the upper part by a waste-pipe (rf) 
screwed fcito the bottom of the pan, into a drain or channel (e) 
beneath, leading to the Mquid acid tank. The brine Which 


* 



Kio. 171 . 



urculates round the pan# is cooled by means of a freezing- 
pachine. ’The crystallization of the acid thus takes place more 
speedily and completely; when it is finished, the pans are 
uncovered, the pipes d ^f'are removed, and the liquid portion 
:hen runs off into the drain e. 

[A drawback of the just-described apparatus is this: that 
ik^Srystallizing-vessfels are ^removably fixed in the cooling- 
:ank, which renders it difficult to get the crystals out of these 
larrow vessels. This might be obviated by fusing the crystals, 
ifter graining off the mother-liquor, by heating up the cooling- 
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water; but this proceeding woLld' certainly not facilitate tSe 
subsequent treatment in a centrifugal machine.] 

Riehm ^ has described a process for separating phenol and 
cresols by means of their barium salts, which we shall refer to 
again when treating of the purification of the cresols. 

Absolutely Pure Carbolic Acid .—By the methods hitherto 
described it is possible to obtain crystallized carbolic acid, but 
hardly an article remaining white, fusing at 42° arid, boiling 
at 182°. On the contrary, the maximum fusing-point thus 
reached is 38°, and on landing for some time the acid turns red, 
partly liquefying, the liquid portion being discoloured. The 
lower melting-point is not caftsed by the presence^f wate^but 
by para- and orthocresols, which cannot be removed by fractiona¬ 
tion, as the boiling-points differ too little (phenol i82°^ ortho- 
cresol 185° or 186°). But a separation can be founded on the 
fact that carbolic acid forms with water a crystalli^blp hydrate, 
whilst the cresols yield liquid hydrates. 

Tnis observation was first piade in 1862 by Lowe, who there¬ 
upon founded the manufacture of purest carbolic acid.^ He 
added to fused crystallized carbolic acid a certain quantity of 
water, and cooled down to 4°^ C.; thus he obtained a phenol 
hydrate, C^HgO-f HjO, crystallizing in large octahedra, from 
which the mother-liquor, containing all the cresols, could be 
separated by drainhiij'^and centrifugalling. The hydrate on 
distillation yields first water and then phenol, fusing at 41° 
and boiling at 182°. 

Some more details are given in Lowe and Gill’s patent.* 
To ordinary phenol, according to whether it crystallizes at i6°-5 
or 35° Q, from 5 to 30 per yent. water is.added, with heating and 
agitating, the jolution being afterwards cooled down to —9°'S or 
•f 10°, and the crystals treated as above. The product may be 
obtained absolutely pure by repeating his treatment''' 

Grace Calvert ijoc. cit.) believed the composition of the 
hydrate to be (C0H^O)2,HjO, but ^iexejew‘ could not obtain 
such a hydrate. • 

Church* purifies phenol by precipitating it from its aqueous 

‘ Ger. P. 53307. 

‘‘ Grace Calvert, Chem. News, 1867, pp. 57, 297, 310, 320. 

<' ’ Cf. Marjell, Chem. News, xxxvii., p. 105. 

‘ Chem. Cenir., 1881, p. 51. * Chem. News, xxiv., p. 175. 
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solution by common salt an 5 dfstilling over quicklime. This is 
impracticable, on account of the great loss of carbolic acid. 

The process now generally employed for the preparation 
of absolutely pure phenol is substantially that of Lowe and Gill, 
and is carried out on the large scale as follows:—Crystallized 
carbolic acid, purified Jjy distillation in the ordinary manner, is 
once more distilled, by an open fire or preferably by high- 
pressurg %team, with the aid of a vacuum, ,in a wrought-iron 
still holding from i to 5 tens, and worjcmg very slowly. The 
first runnings contain a little water; tjje principal fraction is 
carbolic acid, fusing at about 35° and the distillate is turned 
int(J»another. receiver when *the fusing-point falls below 25°. 
This .last product is combined with the corresponding portions 
of the.first distillations. The principal, purer fraction is fused 
in enamelled iron pans in the water-bath, stirred with 5 or 
10 per Gent,distilled water, and allowed to cool. The phenol 
hydrate separating out is^ drained, centrifugalled, and again 
distilled. For this purpose the jstill must be provided wTth an 
enamelled or (preferably) silver head. The cooling-worm 
must not be made of iron; if the still-head is long enough, the 
worm may be made of stonewaj'e, but the connection between 
them must be below the level of the cooling-water, to prevent 
cracking of the stoneware. Since the price of silver has gone 
down very much, it is also used for the'IWl'ms. Iron enamelled 
inside**has not turned out practicable; aluminium (recom¬ 
mended by Donath, Z. angew. Chew., 1895, p. 141) is entirely 
excluded, since Zmerzlikar {ibid., 1895, p. 468) noticed that it 
is strongly attacked by carbolic acid. 

The first distillat^cpnsists of an.aqueous 5 per cenV solution 
of carbolic acid (saleable as such) and a lowey layer of pure 
carbolic acid, liquid on acitount of containing some water, which 
js put bablc into the still for the next operation. The second 
fraction is pure carbolic acid, fusing at 41° or 42°, which is at 
once put into the (proptfrly cleaned) tins or glass bottles in 
which it is to be sent Out for sale. The small residue in the still 
is worked up again in the first distillation. 

many factories the hydration of the phenol, for the 
purpose of purifying it, is not any more carried out. Phenol 
sufficiently pure for all technical purposes is obtained b>* a 
simplfe distillation in column-apparatus, which nowadaj's are 
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supplied in such a state of perfeltion that the distillate does not 
require the troublesome process of purification by means of the 
hydrate. Of course the crude dil, the alkaline extract, and the 
crude carbolic acid mu.st be previously subjected to thd purifying 
processes described supra. 

The separation of phenol from th|^ cresols is effected in 
quite a different way by the process by A. Friedlaender (Ger. P, 
181288), founded pn the observation, made by him, tlfet phenol 
is soluble in dilute solutions of thtf sulphonic acids of aromatic 
hydrocarbons, or the sq|l,ts of the same {e.g., potassium or sodium, 
benzol-sulphonate or toluol-sulphonate), whilst the cresols are 
only soluble in concentrated sJluticAs of these com^unds. ‘This 
process is carried out by mixing the tar-oil at the ordinary 
temperature with a concentrated aqueous solution of onQ of the 
above-named salts, just sufficient for dissolving the phenols, as 
empirically ascertained according to their total* contents of 
phenols, in an apparatus provided wjth a mechanical agitator or 
with agitation by compressed air, and separating the two liquid 
layers formed. After steaming the aqueous solution up to clear¬ 
ness, as above described, it is diluted with ten times it^ volume 
of water, whereby the cresols fre completely excreted and can 
be separated from the solution of phenol in the dilute solution 
of sulphonate. By treatiijg this with benzol, the phenol is com¬ 
pletely extracted froifi tnat solution which, after concei^ration, 
goes back into the process. From the solution of phenol in 
benzol the solvent is driven out by means of steam, and the 
pure phenol recovered in an anhydrous state. 


Synthetical Production of Carbolic Acid. 

Carbolic acid in the pure state is ilso produced S3{jjthetically 
from benzene, by the reaction of Wurtz, Kekule, and Dusart; • 

QH,,+ SO,R, = HP + f ^^(SOaH). ■ 

Benzol is by means of fuming sulphuHc acid converted into 
benzol-monosulphonic acifJ. The product of the reaction is 
neutralized by milk of lime; th^ solutiofi of calcium be!fift^ 
sulphonate is separated from the solid calcium sulphate; the 
solution is decomposed by sodium carbonate, and the filtered 
solution of sodium benzol-sulphonate evaporated to d^ ness. 
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Ffow this salt, by fusion withicaustic soda, sodium phenolate 
is obtained : 

CoHj. SOjNa + 2NaOH -toHjONa + Na^SO, + H, 0 , 
and is worked up in-the well-known manner. 

The yield obtained by this process is very good. Usually 
200 kg. sodium benzot-sulphonate is fused in a cast-iron pot 
with 100 Jfg. sodium hydrate. The separation of phenol from 
the soliftion of the fused mass by means of'carbon dioxide is 
rather complicated by the presence of'the sodium sulphite, 
•since the process would not pay when Idling the sulphite. 

■J^his process is describe^ in |letail by Ney (C/ifw. Trade 
Joum., 1915, l^ii., p. 361). It formerly could not be considered 
as commercially practicable, but the British Consul at Stuttgart 
report? officially in 1902 that the prohibition of the exporta¬ 
tion of carbolic acid from Great Britain in January 1900 had 
caused tlie German manufacturers to produce carbolic acid by 
synthe.sis {Ckem. Zeit., 190J, p. 229). « 

At the present low price of carUolic acid, and owing to the very 
high demands on the purity of the phenol of trade, the synthetical 
products of that compound has receded into the background. 

The synthetical phenol, like the phenol obtained from coal- 
tar, turns red by the action of light (as found by Schneider, 
Chem. Ind., 1892, p. 118), but the fwrug)^ unlike the latter, is 
nearly-devoid of smell. It is strange that just that property 
interferes with its sale for pharmaceutical purposes, since the 
pharmacists consider the smell of carbolic acid as an essential 
property of it... 

The Chemische Werke Ichendorf at Horrem, near Cologne 
(Ger. P. 281175), prociuJe monovaleftt phenols synthetically by 
heating mono- or dichlor-substitution products of ifromatic hydro¬ 
carbons with the hydroxides of alkaline metals and methyl-alcohol. 
* Bohringer (Ger. Ps. 286266 and 288116) also produces 
phenols from mono-substi^uted aromatic l^drocarbons. 

$ 

The Reddening of Caxbolic Acid. 

'nenol, even thaU which Bas been obtained synthetically 
from benzol, has the property*of turning red under the influence 
of light and other agencies. This circumstance causes a go0d 
deal df trouble to the manufacturer, since he is called^ upon 
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in many cases to supply phenol ^Arhlch is not merely colourless, 
but remains so for a long time on being kept. This phenomenon 
occurs with many products of coA-tar, but in no case as strongly 
as in that of phenol, and it Jias.been the subject of a great 
many investigations, which, unfortunately, have given partially 
contradictory results, and we can mention them only briefly 
in this place. 

It is certain tl^at the reddening of phenol only tikfis place 
under the influence -oj light, but ‘equally certain that other 
agencies are required ^s well; on this point the opinions and 
the results of the different authors vary very considerably. 

Ammonia, in the shape^'of tfaces of ammonium nitlite, 
getting into the transportation vessels from tffe air during 
the filling, is accused by Hager {Pkarm. Zentr., 1880,,p. 77; 
1883, p. 447) as causing the reddening of phenol. Mylius 
{ibid., 1887, p. 72) is of the same opinion, as hq found that 
an addition of hydrochloric acid up to a distinct reddening 
of litmus-paper prevented the^ reddening of carbolic acid, even 
in glass bottles; but this does not help in all cases. 

Several authors believe that traces of metals or^nfetallic 
compounds cause the reddenir^g. Sicha {Chen'i. Zentr., 1892, 
p. 486) mentions copper; Meyke {Pharm. Zeit. f Russland, 

1893, xxii., p. 427) lead; FaWbusch {Pharnt.Zentr., 1885, p. 6) iron. 
According to experimtirfs made by Krcusel {Chem. Ind., 1886, p. 
84) the reddening is principally caused by copper, whilsf silver, 
lead, or zinc have less action in this way, and tin none at all. 
He isolated the colouring substance which is soluble in sulphuric 
acid with blue colour, and therefore cannot be rosolic acid, as 
formerly .assumed, since th,is dissolves .<n sulphuric acid with 
yellow colour. , 

Most authors ascribe the reddening of carbolic acid to 
oxidation processes, which are assumed to take place'^n various 
ways. In the first line rosolic acid is thought of, e.g., by Yoon 
{Phartn. J., 1882, p.' 1051). Hanks naturw. Ber. aus 
Ungarn., 1892'; Chem. Zeit., 1895, P- fi 43 ) also finds that 
the reddening of carbolic-acid is caused by oxidation, which 
is promoted by the presence of metals (especially copjpei^(» 
and of ammonium compounds. ' Tin protochloride prevents 
the reddening, probably owing to its reducing action. The 
colouring matter is less volatile than carbolic acid, and th|?efore 
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reihains behind on distillatfon| Its behaviour proves that it 
is not coralline, as assumed by some authors. It reddens 
carbolic acid distinctly when .diluted l : 200,000. According 
to this author, the reddening of carbolic acid can be prevented 
by putting into the’ stock bottles a few crystals of stannous 
chloride before filling ^them with carbolic acid, and shutting 
them up tightly. Also keeping the phenol in well-tinned 
metallic ^\%ssels does good service. ^ 

P. W. Hofmann has taken several patents for employing 
^rotochloride of tin to prevent the red(Jening of carbolic acid, 
which he ascribes to the precipitation of the impurities (Ger. 
Ps. 31, 67693, 67696, all in*i892f 

J. JValter ^harm. /., 1898, p. 706) seeks the cause of the 
reddening of phenol in the presence of iron compounds in the 
glass bottles, which in the presence of air and moisture causes 
the form^tiojj of hydrogen peroxide. By producing a thin 
coating of paraffin on the inside of the vessels, the phenol 
can be kept permanently colourless, as he asserts. ^ 
Kraemer believed the reddening to be caused by the 
presence of certain aldehydes (/. Gasbeleucht., 1887, p. 849). 
According to a later communication made by him to the 
author of this book, the reddening is caused by a little 
benzoic acid, contained in crude phenol and passing over when 
distilling it; it takes up some iron Trc 3 l»*the still and forms 
ferrous “benzoate, which by the action of atmospheric oxygen 
is changed into red ferric benzoate. He, as well as Spilker 
{Berl. Ber., 1896, p. 3) mentions indene as belonging to the class 
of colouringToinpounds. Bidet {Monit. Scient., 1889, p. 487) 
states that thiophene causes the col(jration of carbolic^cid, as 
well as that of aniline and toluidine, but only ir^ the presence 
of light, whereby oxidation 4s caused. 

H. D. Qftbs {Chem. News, 1909, c., pp. 68, 81, 94) has made 
an extensive investigation on the reddening of phenol, with the 
following results:—Pure pltenol remains colourless in sunlight. 
In contact with indifferent gases "(hydrogen, nitrogen, carbon 
dioxide) and oxygen, it is not sensibly coloured in the dark 
a^.*-dinary temperatures, but distinctly so at 100°, and pretty 
rapidly at the boiling-point of^ phenol, owing to an oxidation, 
whereby quinol, quinone, catechole, and a little carbo» 
dioxida are formed. The coloured products are principally 
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condensation products of quil«one, especially phenoquinohe. 
Active oxygen, in the shape of ozone and of anodic oxygen, 
quickly and easily combines with phenol, but the experimental 
results speak against the action of gaseous oxygen tons. The 
glass of the bottles has influence on the speed of the reaction; 
this is diminished by glass possessing a strongly absorbing 
action in the ultra-violet rays. The speed of the reaction is 
also influenced Ijy the height of the sun over tht .horizon, 
by the density of the atmosphere, and by the atmospheric 
conditions. Ozone cqald not be detected in pure, molecular^ 
oxygen, exposed to sunlight. Anisol is not coloured in the 
sunlight by ozone or oxygen. The purest phenol cannot be 
distilled without change, except in the absen'ce of oxygen, 
preferably in a hydrogen atmosphere. „ 

Fabini {Chemrlud., 1892, p. 148) found that the colouring 
substance can be prepared in considerable quar^titios by the 
action of cupric sulphate upon arnmonium phenylate. It is 
a black, resinoid sub.stance, which he calls “ phenythren,” which 
on heating forms a yellow vapour and sublimes in the shape 
of a pink body soluble in concentrated sulphuric acid with 
blue colour. It leaves no a^hes and therefore contains no 
metal; the metals active in its formation play only an inter¬ 
mediate part by formiijg metallic phenylates, decomposed 
by hydrogen peroifcTe into colouring-matter and metal. 
0-004 S- snfhces tor Imparlmg a slight pink shade fb l kg. 
of carbolic acid; o-i g. gives a dark red colour. 

Kohn and Fryer (/. Soc. Chent. Ind., 1893, p. 197) in an 
extensive investigation found that the chemically pure 
- (“absolute”) phenol of commerce, specially purified by 15 
redistillationsf showed the same reactions as synthetic phenol 
and that made from the salicylico acid of winter-green oil. 
All of these phenols were coloured by pure hydrogeh peroxide 
without the presence of metallic compounds, but the latter 
hastened the reaction. Concentrilted ammonia imparts to 
phenol a blue colour; dilute ammonia, ci'ustic potash, hydrogen 
peroxide, a pink colour; light has only a quickening action. 
Thoroughly dry air does not act upon phenol, nor does 
in the absence of air j but moisture in the presence of air 
itddens phenol even in the dark, and more quickly in the light. 

Richardson {ibid, 1893, p. 41S) on repeating Kohh and 
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Fryer’s experiments, found <[hat under all circumstances 
hydrogen peroxide is formed when phenol meets with moist 
air, and that this is the redden-fng agent. Like Kohn, he found 
that behind dark red glass ;io ■•eddening took place, but no 
HjOj was formed in this case. 

Boes {Pharm. Zeil^ 1902, p. 448) explained the reddening 
by the presence of the “ isophenols,” indicated by Brunner, but 
this will Rardly hold good, since Brunner hirr^pelf later on found 
that his “isophenols” did rfot exist {Chcpt-. Zeit., 1902, p. 1123). 

According to Ebell {Rep.f. anal. CI14111., 1884, p. 17) crystal¬ 
lized crude carbolic acid contains substances which are volatile 
and*•colourless, but are changed into non-volatile, red, or 
yellowish-bro^n sub.stances by the action of light more than 
by thaj of heat and air. The substance yielding the red colour 
passes over principally along with the firsts that yielding the 
yellow coloyr with the last products of distillation. Neither 
of them in partial crystallization enters into the crystals of 
carbolic acid, apart from what is piechanically enclosed iff them, 
but remains in the mother-liquid. They are sparingly soluble 
in water, but are extracted by water acidulated with sulphuric 
or phospfioric icid; they are insoluble in benzene. Oxidizing 
agents, acting during the distillation, change the substance 
yielding the red colour more than^that yielding the yellow 
colour; oxidizing agents in aqueous solution and in the 
presence of sulphuric acid destroy them both. The products 
of oxidation seem to be less soluble in water than the original 
substances; they are not volatile, or pass over only with the 
highest-boiling fractions. Even the carbolic acids distilled from 
glass vessels often colour very strongly ; in such acidsrfio traces 
of metals could be found.—It is recommended to purify the crude 
acid by repeated crystalliiation and subsequent distillation of 
l;he crystals. If it is not possible to work up the red mother- 
liquors, or to sell them at a fair price as “ 100 per cent, liquid 
carbolic acid,” it is recctomended to t»eat them with an 
oxidizing agent in the'presence of sulphuric acid, and to follow 
this up by repeated washings. Ir? less difficult cases it is 
«;'i!fficient to add to tthe contents of the retort, previous to 
distillation, a little red oxid^ of lead with a small admixture 
of sodium bicarbonate, or some finely pulverized barium 
peroxftje. 

3 t-' 
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Processes for preventing the Reddening of Carbolic Add 

In the preceding account of the various explanations of this 
phenomenon we have already mentioned some of the,proposals 
made for preventing it. 

We will now enumerate some further proposals for the object 
in question, although all of them appeaf superfluous, if the 
carbolic acid is properly fractionated and the solution of sodium 
phenolate is carefully,purified. 

We first mention the process of H. WdAzx {Dingl. polyt. J 
clxxix., p. 461), who at the same time introduces fractional*^ 
precipitation (analogous to t’ke fractional saturation mentipned , 
by Behrens, p. 733) of the crude carbolic acid befcre distillation. 
The alkaline carbolic liquid contains, besides carbolic acid, 
some oxidizable bodies which give rise to a brown coloration, 
and also, especially in concentrated solutions, a coqgiderable 
quantity of naphthalene and other indifferent substances 
insoluble in water by themselves. It is diluted with water till 
further addition ceases to precipitate naphthalene;* the dark 
brown liquid is exposed to the air in a shallow vessel for 
several days, with frequent stirring; it is then filtered, its 
percentage of phenols ascertained, and the quantity of sulphuric 
acid necessary for precipitating the whole of them calculated. 

If now only J or J ofJic cllculated acid is added with frequent 
stirring, at first the resinous substance, changed by the action 
of the air, is precipitated, mixed with more or less of the 
phenols. A further addition of acid precipitates essentially 
cresol; and after a few trials almost pure phenov, crystallizing 
after a sipgle distillation, can be obtained by the third and last 
precipitation. ^In order to remove the wa'ter, a current of dry 
air is passed over the phenol heatqd almost to boiling. The 
aqueous vapour is usually accompanied by an tthpleasantly 
smelling substance, according to Muller a sulpho-compound ot 
phenol, which can l?e removed by adding a little lead oxide 
before distilling. (Such sulphur compounds no doubt exist 
already in the tar; but they may also be formed afterwards by 
incautious precipitation with strong sulpljuric acid, as pointe!j_ 
out, p. 744;) I 

' This stage of the dilution is not very easily ascertained; hence it is 
preferable to employ dilute alkali from the first, as already pointed^sut. 
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The exposure of the Uqu*r in shallow pans with frequent 
stirring, recommended by Muller, would no doubt be advantage¬ 
ously replaced by forcing in 3 finely divided current of air, or 
by running the liquor down a* coke column, etc. The same 
object is attained, according to Stohmann-Kerl’s Chemie, vi., 
p. 1182, by adding,^ or J per cent, potassium bichromate, 
and the sulphuric acid necessary for decomposing this, to the 
crude cArbolic acid in the still, and heating gently at first. 
If this do'es not suffice t» make the phenols distil colourless, 
more bichromate must be added. ^ 

It has been recommended {Chem. Zeit., 1884, p. 1338) to 
treW crude (50 per cent.) •carbolic acid with i per cent, of 
pota,ssium bichromate and the corresponding quantity of strong 
sulphuric acid in a shallow pan, running' in first the acid, then 
the solution of bichromate, and agitating the mixture for 
several iours with access of air and in a place exposed to the 
direct light of the sun. The mixture is allowed to settle, the 
oil is drawn off and distilled, ^nd the fraction comiflg over 
between 170° to 198“ is again submitted to the bichromate 
treatment, and is redistilled in a still with rectifying-column. 

■ Reuter {Chem. Zentr., 1905, i., p. 1012) contends that the 
reddening of phenols can be prevented by the use of a small 
quantity of sulphurous acid, and redistilling in a current of 
COj, to exclude air. He recommends ilnit the pharmacopoeias 
shoula’directly prescribe the colour of carbolic acid to be red 1 
Demant {Chem. Zeit., 1887, p. 78) liquefies red carbolic acid 
in a water-bath, with addition of 10 per cent, spirit of wine, 
and cools down. When most of the liquid has solidified, the 
mother-liquor is draioed off; th« crystals are then again 
obtained in a white state. , 

From the above we may conclude that, in the manufacture 
of carbolic acid, it is no use trying to prevent the reddening 
under any circumstances. Good drying and keeping away 
metallic contaminations 'A'ill delay, but not entirely prevent, 
the reddening, nor fri!' this be done- by the addition of 
oxidizing agents in the distillation,* since the purest phenol 
reddens in the presence of air and moisture. But it is certain 
that the red colouring-matter^s entirely harmless for medicinal 
uses. m 

Mtjzell {Chem, News, xxxvii., p. 105) recommends an 
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addition of alkaline plumbate ^lution for decomposing the 
nauseous sulphur compounds. This is probably better than 
Muller’s plumbic oxide {supra, p.*770), or than the addition of 
red lead and sodium bicarbonate, as practised in Lancashire 
according to Watson Smith (p. 758). Casthelaz employs a 
solution of sodium bisulphite for a similar purpose. 

Sharpe’s paper on the manufacture, purification, and applica¬ 
tion of carbolic acjd (/. Soc. Dyers and Col., 1884, p. f'46) can 
only be mentioned here. 

t 

Commixcial Cresols. 

A large quantity of products, consisting essentially of a 
mixture of the three isomeric cresols with a little phenol' and 
xylenols, is produced especially by the German tar-works, as a 
by-product from the manufacture of pure carbolic acid, obtained 
by fractionation of the crude carbolic acid. ' 

These products are sold by the'name of Rohkresol (crude 
cresol),“crude carbolic acid 50' per cent.” and ‘‘crude carbolic 
acid 25 per cent.” A special investigation of these products 
has been made at the German Board of Health, Iw Carl Fischer 
and P. Koske, and is published'in the Arb. d. Kais. Ges. Amts., 
xix., p. 577-671, abridged in Chcjn. Zentr., 1903, i., 384-5. We 
shall quote the most salient points of that work. 

Rohkresol consisted of:— 

°'35 P6r cent, water. 

2-34 „ phenols, boiling up to 188' (a mixture of phenol and cresols). 

94'5 „ mixture of the three isomeric cresols, boiling £[sm 188° to 202°. 

i'23 „ mixture of cresols with a little xylenols, „ 202° „ 210°. 

o-o6 higher phenols 1 „ •,, , „ 210° „ 225°. 

0-07 „ re%'due. 

Traces of pyridine bases t. 

“ Crude carbolic acid 50 per cent. ” showed in 100 phenols ■ 
27-6 per cent, cresols, 54-10 per cent, mixture of cresols an4 
xylenols, 10-90 per ctnt. highest boilifig phenols; first runnings, 
etc., 7-40 per cent. ' 

“ Crude carbolic acid 2'5 per cent.” showed in 100 phenols: 
4-02 first runnings, 22-66 cresols, 43-60 nfixture of cresols and 
xylenols, 6-90 xylenols, 3-94 phenlils boiling from 220° to 270°, 
iy-98 phenols boiling over 270°. Besides the phenols (25 per 
cent),there were 75 per cent, non-phenolic substance^." The 
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authors tested these produciji, as well as a number of other 
commercial carbolic-acid preparations, for their bacteriological 
action, but into this we cannot enter here. 

Liquid Carbolic Acid, water-fvhite, consists of the redistilled 
mother-liquors from crystallized carbolic acid containing the 
three cresols (sold, by the firm of Sobering as “ tricresol"'). 

, Hammerl {Z. angew. Chem., 1897, p. 569) states that its 
bactericidal properties are twice as strong a.» those of a solution 
of carbolic acid of equal percentaga. ’ The fault of slight 
solubility has been remedied by the pKparation of " lysol" and 
" creoline” (pp. 660 a.nd 6sS). ,• 

’The mother-liquor remSining after completely exhausting 
all the crystaflizable carbolic acid contains but little carbolic acid, 
together with all the cresols. It forms a limpid liquid boiling 
at 182° to 200“, and has a disagreeable STnell, quite different 
from cffrbijlic acid. The boiling-points of the isomers do not 
differ very much:— , ^ 

Orthocresol . *. . . 191°. 

Metacresol .... 203“. 

Paracresol .... 202“. 

Hence their separation by fractionation is not possible, all 
the less as their relative proportions are not always the same. 
Both Ihle (/. prakt. Chem. [2], xiv.^p. 451) and Tiemann and 
Schotten (Berl Ber., xi., p. 168) found mostly ortho- and 
paracresol, with little metacresol; but K. E. Schulze (ibid., xx., 
p. 410) found about 40 per cent, meta-, 35 per cent, ortho-, and 
25 per cent, paracresol in tar-oils. Weger (Z. angew. Chem., 
1909, pp. 391 et seq.) states that the percentages of the three 
isomeric cresols diff'rvery much irt different commercial cresols. 

Gruber (FischeCs Jahresber., 1893, p. S.J9) found that 

water of .'Ordinary temfferature dissolves 2-5 per cent, (by 
volume) of pure ortho-, 0-53 per cent, of pure meta-, i-8o 
per cent, of pure paracresol, 2-20 per cent, of the mixture of 
cresols prepared from^ tofuidine, 2-55 per Cent, of that prepared 
from tar-oil. 

Ndrdlinger (Z. angew. Chem.,'i%g^, p. 166) states the 
following properties’of tar-coal cresol:—Water dissolves 2 to 3 
per cent., and is itself soluble in cresol in the proportion of 15 
or 20 to 100 cresol. Cresols are easily soluble in aninTal, 
vegefjvble, and tar-oils, less so in “ mineral oils.” They dissolve 
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20 to 30 per cent, of mineral c^ls. The reciprocal solubility 
of cresol and oils increases wit]f the percentage of oils, and 
decreases with that of water. Anhydrous concentrated oily 
solutions of cresol attract wat 5 r, and are ultimately separated 
into two layers, one of aqueous cresol and the other of oil 
floating above. Much water is able to Extract cresol from its 
solution in oil, but by shaking with oil cresol can,also be 
extracted from aqueous solutions. 

The poisonous and antiseptic properties of the three cresols, 
according to Gibbs and Hare {Arch. d. Physiol., 1889, p. 289) are • 
different. The lethal doses ftr 1 g. of nervous substance of Jhe 
frog are 0-004 ortho-, o-oo6 para-, and 0-044 m etacresol. Qu'te a 
number of communications have been made on this point 
in 1906 and 1907, and are reported upon in Chem. Zentr.* 1906, 
ii., pp. 1510, 2070; '1907, L, p. 835 ; ii., pp. 85, 2070. 

J. Herzog {Apoth. Zeit., 1907, p. 78 ; Chem. Zeitt Rep., 1907, 
P- 73).ipakes the following statemeitts: s-cresol (b.-p. i90°-8) 
has least action; /-cresol (20i'’-S) is most poisonous; w-cresol 
(202°-8) is the most efficient antiseptic. 

Rapp {Chem. Zentr., 1907, ii., p. 717), on the contrary; finds 
that c-cresol is at least equal iir.- bactericidal action to /-cresol, 
and almost as much so as «-cresol. According to the same 
author {ibtd., 1909, p> 2206) the disinfecting power of 
w-cresol is the strongest; then follows t>-cresol, and jt last 
/-cresol. This power is lessened by contamination with light 
hydrocarbons, pyridine, and anthracene, but increased by 
“neutral oil”; naphthalene does not appear to-have any 
influence in that respect. The cresols obtained from creosote 
oil, e.g. cre'olin {vide supra, p. 773), are morfe efficient disinfectants 
than those obtained from carbolic oil. The separation of the 
o-cresol in the preparation of cresolic soaps does lirit yield any 
more strongly disinfecting products; therefore the cresolic' 
soap, prepared according to the Prussian ministerial publica¬ 
tion of 19th October T 909, is not an equally good disinfectant 
as the original lysol. The crude cresols of trade exhibit quite 
different disinfecting powers; those containing much o-cresol 
seem to be the best, but these aljo, when*dissolved in potash- 
soaps, do not come up to lysol. 

' The medical cresol should be a yellow or brownish liquid 
of neutral reaction, easily soluble in alcohol and ether, 'clearly 
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soluble in loo parts of cold -^ater, boiling at 198° to 202° C. 
With this crude cresol and a l^nseed-oil soap (containing 70 per 
cent, fatty acid) a solution of cresolic soap is obtained, equal in 
disinfectftig power to lysol. . • 

These properties are important in connection with the 
application of the crieols for disinfecting purposes, for which, 
accordinjf to several authors, the tar cresols are much more 
efficient than pure carbolic acid; in solutions of the same 
percentage, Hammerl {Arlh. Hyg., xii.„p.’359) found the former 
from four to ten times as efficient a% the latter, and similar 
results have been published by JDeplanque {Bull. Mr. Arch. 
Plidhn., 1888, p. 453), Grubtr {Jahresb. Fortsch. Pharin,, 1893, 
p. 389), and S'eybold {Chem. Zeit, 1899, p. 35). 

Utz {Chem. Zentr., 1906, ii., p. 1286) finds the refractive 
index of the crude cresol (mixture of all three isomers) = 1-5414 
to 1-54:^;. that of the three isomers: <7=1.5492, w= 1-5402, 

/= 1-5416, all at 15° C. Qenuine lysol (p..660)= 1-5068. 

0 

Separation of the Three Isomeric Cresols. 

« • 

Quite a number of processes has been worked out for this 
object, since the pure isomers of cresol are required for preparing 
colouring matters, etc. * 

Riehra (Ger. P. 53307, 1889) utilizes^he various solubilities 
of barium phenolate and cresylates in water. The mixture of 
phenol and cresols, previously purified by fractional distillation 
as much as possible, is treated at an elevated temperature with 
as much water and barium hydrate as is required for neutraliz¬ 
ing and dissolving.the phenols. 'This solution is purified by 
decantation or filtration from the insoluble matters, and blowing 
out by ste-in. The solflbility of the various barium salts in 
boiling water is as follows: barium phenolate requires 40 per 
cent., barium orthocresylTite 150 per cent, and barium para- 
cresylate 350 per cent 61 its weight of Waiter at 100°. During 
the evaporation of the solution the barium salts of phenol, 
ortho- and paracresol are separated in the form of crystals, 
whilst the metacresjdate remains in the mother-liquor and can 
be recovered from this as ^ non-crystallizable, greasy mass. 
The crystallized salts are freed from adhering mother-liquortiy 
pressing or centrifugalling, and recrystallized as follows:—A 
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quantity of water is added to th^m, 'equal to half the weight bf 
the phenol (C^HjOH) supposed to be present, the mixture is 
heated to boiling and filtered* hot; this solution contains 
mainly barium phenolate. Thr: residue remaining on'the filter 
is mixed with ij times the quantity of orthocresol assumed to 
be present, whereby this isomer is dissolved. The crystalline 
mass now remaining is treated with 3J times its weight of 
paraeresol-h!inum,,yfhich is prepared from the solutidh. The 
single fractions are purified by recrystallizing, and ultimately 
the pure phenols precipitated by hydrochloric acid. Another^ 
form of this process consist^ in successively precipitating the 
phenols by addition of hot baryta solution. • ' 

Lederer (Ger. P. 79514, Z. angew. Chem., 1895' p. 114) bases 
his process on the various solubilities of creosoxacetic a^ids in 
benzene and the sodium creosoxacetates in water. 

The Chemische Werke vorm. Byk (Ger. P. 10941*8) effect 
the separation by means of molecular compounds of the cresols 
with caicium chloride, and ma,ny other inorganic and organic 
salts (“crystal-phenols”). This patent lapsed already in 1901. 

Rud. Rutgers (Ger. P. 137584; B. P. 286, of 1902) introduces 
anhydrous oxalic acid into the crude mixture of cresols, previ- 
ou.sly freed from phenols while heating the mixture. Thus 
the oxalic ester of paracresol is formed, which separates out 
on cooling and is decomposed by water. Ortho- and meta- 
cresol are afterwards separated by fractionating. This patent, 
as well as an additional one (Ger. P. 141421), in which, in lieu 
of oxalic acid, oxalates were recommended, lapsed in 1905. 

Vidal (Fr. P. 315605, of 1901) treats the crude cresols with 
the sulphate of zinc, calcium, or aluminium, and a nitrate, 
whereby an insoluble metallic nitroso-derivate of paracresol is 
formed. 1 . 

The Chem. Fabr. Ladenburg (Ger. P. 148703; B. P. of 
Schulze and Ladenburg, 1881, 1904) separate m- and /-cresol 
by sulphonating them at a temperatif/e of 110° C. with sodium 
bisulphate containing sodium pyrosulphate. This transforms 
w-cresol into its sodium sulphoriate, while the /-cresol is not 
acted upon. The same inventors (Ger. P.< 152652) also prepare 
a crude (71 per cent.) w-cresol ffom the. mixture of calcium 
cMSolates, formed by milk-of-lime; the neutral calcium m- 
cresolate, being very little soluble, is precipitated %nd is 
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^parated from the solutitin .containing most of the /-cresol 
{Chem. Zentr., 1904, ii., p. iJS). 

The Farbenfabriken vorm* Bayer & Co. (B. P. 9953, of 1904), 
in order "to separate mixtures <»f 0- and /-cresol, add to these 
a suitable quantity of KOH, and heat the mixture till solution 
has taken place. "Ifhe crystals of the /-compound, which 
deposit on cooling’, are separated by filtration, washed with 
alcohol‘and treated with hydrochloric acid to separate the 
/-cresol. The filtrate from those crystals is also treated with 
^hydrochloric acid to obtain (7-cresol. ^ 

Raschig (Ger. P. 112545), a^er having removed most of 
thd #-cresol by fractional distillation, separates p- and w-cresol 
by fulphonaring the mixture. On diluting and cooling, the 
/-crejol-sulphonic acid crystallizes out as such, or in the shape 
of its sodium salt. The sulphonic acids ,^re decomposed by 
superhw.ted steam, and yield the pure cresols. Or else (Ger. P. 
114975) the sulphonated mixture is at once treated by super- 
• heated steam at a certain temperature, whereby only mCtacresol 
is split off and distils over, after which the paracre.sol-sulphonic 
acid is split up in the same manner at a higher temperature. 

Raschig (Z. angew. Chem., 1900, p. 759) has also worked out 
another process for separating r«-cresol from /-cresol (Ger. Ps. 
144903 and 146752). Commercial cresol on an average contains 
40 per cent. i>-cresol, 35 w-cresot and 25 /-cresol. When 
treated with nitric acid, the 0- and /-cresol are destroyed, and 
60 parts of pure trinitro-/-cresol are obtained. To avoid the 
great loss of nitric acid in this operation, at least partially, it is 
expedient to separate by a number of careful fractional distilla¬ 
tions the o-cresol, boiling at 188° C- Since both »?-cresol and 
/-cresol have the same boiling-point, i99°-5 to 2^)0^they cannot 
be separated,by fractionr*ion, but the mixture of 60 per cent. 
, »r-cresol and 40 per cent, /-cresol presents already a great 
advantage over the first material, as it yields 100 parts of 
trinitro-w-cresol, and wtstes less nitric.acid. That mixture 
now forms an article of trade and in it the percentage of 
’ ;«-cresol can be estimated by a process which will be described 
later on. According to a communication made in the year 
J909 by Dr Raschig to the author of this book, his factory at 
that time was the only one which separated the isomeric»tar 
cresa(s on a manufacturing scale, and sent them out into trade 
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in the pure state. The quantity aroduced at that time was about 
100 tons orthocresol, lOO tons me^acresoI,and 50 tons paracresol 
per annum, but he expected it to increase largely. 

Terrisse (Ger. P. 281054)'separates the three cfesols by 
treating the mixture of cresols with sulphuric acid of about 60° 
Baum^ at diminished air-pressure, neutralizing the so obtained 
mixture of sulphonic compounds with sodium carbonate, 
driving off" the />-gresoI by means of steam, decomposing the 
sodium sulphonates, reiijaining behifid, by sulphuric acid, and 
ultimately decomposing ^he ?«-cresol-sulphonic acid bydistilla-. 
tion with superheated steamx^ 

F. Hoffmann-Laroche & Co. (Pr. P. 454534; Ger. Ps. ttppl. 
H53079 and 54060, of 1911) also separate tn- ancT/-cresolf and 
prepare pure m-cresol from the commercial mixture by means 
of converting them /nto sulphonic acids ; the difference against 
previous processes (Raschig, Chemische Fabrik Ladenburg) 
consists in the application of a lower ^sulphonation temperature 
(so thaf there is next to nO neqd for heating from without), in 
using much smaller quantities of sulphuric acid, and in separat¬ 
ing solid w-cresol-sulphonic acid in such a form that it can be 
at once employed for preparing other derivatives of w-cresol. 
Two examples are given, i. Treat 1000 kg. of a mixture of 
about 60 per cent. »r-crgsol and 40 /-cresol with 750 kg. 
Nordhausen sulphuric'acid (containing 20 per cent. SOj") at a 
temperature below 100°, with good agitation. Mix the product 
obtained with 500 kg, sulphuric acid (50 per cent. H2SOJ, and 
extract the non-sulphonated cresol by means of benzol at about 
50°. On slowly cooling, ?«-cresol-sulphonic acid crystallizes out 
(with a Kttle 7>-acid), and can be split-up, into w-cresol and 
sulphuric acid by treating it with superheated aqueous vapour. 
The benzolic extract, after distilling off the s«!^ent, yields 
^-cresol, which solidifies on cooling. 2. Dissolve 1000 kg. of. 
the mixture of cresols in 5CX) kg. benzol, and add 950 kg. 
sulphuric acid of 96 per cent, at 40°, ;t-ell agitating. Aftej- the 
sulphonation has been effected, dilute with water or dilute 
sulphuric acid, draw off the benzol which keeps part of the p- 
cresol in solution, and allow the acid liquof to cool. Here also 
w-cresol-sulphonic acid crystallifes out, but not free from 
^<!i-esol-sulphonic acid; the mother-liquor on splitting up yields 
a mixture containing more /-cresol than the original subsfance. 
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* Pure w-cresol is obtaineii from the w-cresol obtained 
by either of these processes b|? repeating the treatment, in 
the same way pure/-cresol can be obtained from the ordinary 
commercial /-cresol. . • 


Yield of Pur£ Products from Crude Carbolic Acid. 

In Mjispratt-Stohmann’s Chemie, yd ed., vol. vi., 1S84, this 
is stated as follows 


* BourceB of the tar, 

• 

Nature of the 
starting material 
subjected to 
the alkaline 4 
trea^eQt. 

9 

Pur^product 
baling between 
^188“ and 203\ 

Crystallized 
carbolic acid 
obtained 
therefrom. 

Liquid 

carbolic 

and 

cresylic 

acids. 

% 

• 

South Cermany . 

Do. 

Saxony .... 
Saxony, fehiniland, Vienna. 
Sundry .... 
South Germany and Saxony 

Light oil. 
Creosote oil. 
Light oil. 

Light oil. 
Light oil. 

« 

Per cent. 

34-7 

44-8 , 
33-1 

30-4 

43-7 

4I-0 

Per cent. 

13-1 

13-9 

6'0 

29-8 

28-0 

Per cent. 
21*6 
44-8 
19-2 
24.4 

13.9 
, J3-0 


The considerable loss which takes place in the working-up 
of crirde. carbolic acid is caused by its percentage of erapy- 
reumatic products, neutral hydrocarbons (especially naphtha¬ 
lene), tar-acids boiling above 203“, and working-losses. 

According to Wurtz {Dictionncme de Chimie, ii., p. 820) 
sundry tars contain the following quantities of ” phenol ” [which 
probably means all “ tar-acids ” ] :— 


Tar from Wigan cannel coal 
„ Staffordshire coal 

„ Newcastle coal . 

„ Boghead . 

„ certain kinds of peat 


14 per cent. 

9 >i 

5 

5 ^ • 

15 20 per cent. 


Watson ^ith gives .the following analysis (by Lowe’s 
method, see p. 787) of crude carbolic acid from Manchester 
and Blackburn tar, both made from Wigan cannel coal:— 



Blackburn. 

Manchester. 

Manchester. 

Water (per cent by volumfjJ) .... 
First oil, boiling up to 185® (to be thrown away) 
Carbolic acid distilling below 190®. * . 

„ „ „ 195* to 196® . 

Solidifying-point of these=61J to 62^ per cent. 

Ver cent. 

12 

48 

15“ 

'Per cent. 

13 

11 

45 

174 

18“ 

Per cent. 

15 

10 

45 

I6f 
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One thousand gall, of carbolifc oil from Manchester far 
yield about 50 gall, crude carHplic acid. 

German gas-tar, according tb Haussermann (Jnct. d. Teer- 
farbstoffi, p. 17), on an averse yields from 5 to 6* per cent, 
phenols; but according to Kraemer (/.' Gasbeleucht., 1891, 
p. 225) only 2 per cent, phenol and its hc^ologues. Lunge and 
Schmid {Chem. Ind., 1887, p. 337) found in coke-oven tar from 
Hoffmann-Otto ovens 2-23 per cent., in the tar from' modified 
bee-hive ovens, 6-93 total tar-acids.« 

Of course, in working up the tar, only the phenol and th^_^ 
cresols are recovered as sueji; the higher homologues, from the 
xylenols upwards, for which thace is up to the prese*it no 
special use, are left in the heavy oils, where they contribute their 
.share in the impregnating and disinfecting action of tho^ oils. 

Julius Rutger^ [Chem. Ind., p. 282) states that in his 
(numerou.s) factories there is recovered o-2 per cent^ crystallized 
carbolic acid and 0-3 per cent, cresols. 

So(ith-Gerraan gas-tars yield,' according to Stohmann 
(Muspratt’s Chemie, 3rd ed., vi., p. 1184), 0-33 per cent, crystallized 
carbolic acid, 0-48 liquid carbolic acid (containing a little cresols), 
and 3-2 per cent, cresol (containing a little phefiol); according 
to Kohler {Karbolsdure uni Karbolsdureprdparate, p. 97), 

O'3 per cent, crystallized carbolic acid (fusing-point 38°) and 
0-5 per cent, cresols. * 

North-German gas-tars,according to Kraemer (/. Gasbeleucht., 
1887), yield 0-35 to 0'50 per cent, phenol and 0'6o to i'20 per 
cent, cresols. From German coke-oven tar Greifif obtained i'37 
per cent, pure phenol. From a mixture of gas-tar and coke- 
oven taj, Heusler {Chem, Technol., Leipzig, 1905, p. 188) 
obtained 0-40,per cent, phenol and 1-13 per cent, cresols. 

The yield'of phenols from ga*-tar has'begi^ mentioned 
supra, pp. 505 et seq., from coke-oven tar, pp. 147 et seq., fronj 
blast-furnace tar, p.,i77' 

Cresol obtained synthetically. 

Kalle & Co. obtained ki 1894-a German Patent, No, 81484, 
for the synthetical production of metacregol from naphthalene. 
The trisulphonic acid derived ifrom the ««-naphthalene di- 
^phonic acid, with a sulpho-group in the substituted benzol 
remainder, when fused with caustic alkalies at 150” 300°, 
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furnishes metacresol quite smjothly, with intermediate forma¬ 
tion of w-oxytoluene acid. 


Methods for examining Carbolic Oil {Middle Oil) and 
CarboJit Acid of various Grades. 

A. Examination of the Middle Oil} —The middle oil, as 
it comes from the tar stills, ought to have the following 
properties:— ' 

'' Specific gravity at 15° not bejp^ i-o. On distillation it 
ought to yield up to 260° ^t least 90 per cent. It should 
contam not bcjow 30 per cent, naphthalene. After separating 
the naphthalene the specific gravity should be 0-99 to i-oi ; 
boiling-point up to 250°; percentage of bases 5 per cent., of 
phenols^5 to 35 per cent. The phenols, after removing the 
water, should commence boiling at 180° and go on till 210°; 
at 190° at least 25 per ’cent, ^of them should have#passed 
over. 

The examination of the middle oil comprises the establish¬ 
ment of the boiling-points, of the specific gravity of the raw 
oil, of the percentage of nap’hthalene, of the boiling-point 
and specific gravity of the oil after removing the crystals, 
of the boiling-point of the naphthalene, of the percentage 
of phetiols and bases in the oil separated from the naphthalene, 
all of which tests are made as described infra. 

For estimating the naphthalene, 0-5 to 4-0 kg. of the middle 
oil, previously liquefied and well mixed, is allowed to stand 
for twenty-four hours, with frequpnt stirring. Th^ crystals 
separated during that time are freed from th^ iBbther-liquor 
by suction, ^en pressed between canvas or' filtering-paper 
until they have no more an oily touch, and weighed. The 
boiling-point of the naphthalene is ascertained by distilling 100 g. 
of the pressed naphthalene in a copper, still, and collecting 
the fractions coming 6ver, degree by degree, in small porcelain 
dishes in which they are weighed. . 

Carbolic oil and,the naphthalene oils are examined by 

the same methods as those just described for middle oil. 

/ 

' The following prescription; are given by Dr Kohler, in the Geriflfn 
edition of this book of 1912. 
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For estimating the total phenols, lOO c.c. of the oils sfre 
thoroughly shaken up in a graduated cylinder with lOO c.c. 
caustic-soda solution of sp. gr. i-*l, and the volume is read after 
the two liquids have clearly separated. Each cubic centimetre 
of the lower layer (the caustic-soda solution) over the original 
100 c.c. is calculated = i per cent, of iphenols. For a more 
exact estimation, the caustic-soda solution is carefully drawn 
off‘from the oil,,then evaporated on a water-bath'until no 
more turbidity is caused by an addition of water; after cooling 
down, the liquor is acidified by hydrochloric acid, and the 
phenols are separated by skityig out. Their volume is measured, 
and here also each cubic centimatre calculated as i pewdent 
The final result is obtained by taking the mean of.both 
operations. 

In order to exan^ine the crude phenol for its yield of crystal¬ 
lized phenol, at least 500 c.c. of the carbolic oil js attracted 
by cau.stic-soda solution of sp. gr. i-i, and the alkaline solution 
heated'on a sand-bath in a cyrrent of steam, until the liquid 
distilling over shows no more milky turbidity, and is free 
from smell and taste. The phenols are precipitated by carbonic 
acid, or by dilute sulphuric acid and saturated solution of 
sodium chloride; they are once washed with water, and care¬ 
fully separated from it. 

The solidifying.point of the crude phenol is ascertained by 
the “ English method ” worked out by Lowe. Accord’ing to 
Kraemer and Spilker {loc. cit.) it is carried out in the German 
factories as follows:—One hundred c.c. of the crude phenol 
are placed in an ordinary fractionating-flask of a capacity 
of 150 CjC., the side-tube of which is ,by a perforated cork 
connected with a cooling-pipe 500 mm. long and of 10 mm. 
internal width. A thermometer is put on, and tp begin with 
the water is expelled by heating and collecting in a 25 c.c^ 
cylinder, divided into single cubic centimetres. The water 
is considered as corrpletely driven 0% when in this cylinder 
10 c.c. of oil (carbolic acid) has collected '^underneath the water. 
Experience has shown that this oil can be assumed to be 
a mixture of 50 per cent, water and 50 per cent, carbolic 
acid. If, however, the oil floats^ at the top of the water, it 
isrlight tar-oil, and proves that the sodium-phenolate solution 
has been incompletely separated on the purification o'f the 
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light oil or carbolic oil, or that the sodium-phenolate solution 
has not been sufficiently “ steimed clear.” If care is taken to 
avoid losses by imperfect cooling, the water can be pretty 
quickly driven off by catching ihe distillate at first in a two- 
litre flask, in which the cooling-pipe goes down to the belly, 
and heating until th^ temperature has risen from ioo° to 
150°. Since if is vefy important that the distillate now coming 
over shcfuld be absolutely free from water, which very much 
depresses the solidifying-p«int of the carbolic acid, the cooling- 
pipe of the fractionating-flask must' during the distillation 
□e warmed up by a special flame in-'lfs whole length, but more 
especially on its upper side, and in the place where it is 
connected by J;he cork with the side-tube of the flask until 
no more droplets of water are visible in those places; or 
else tile cooling-pipe is exchanged for a fresh, dry pipe at 
the moqjent when no more water appears. In the same 
way also t&e neck of the flask between the side-tube and 
the thermometer cork must be warmed up in order to-remove 
any water condensed there. This can be done without fear 
of losses, since the large surface of the two-litre flask, serving 
as receiver, cortdenses the water quickly and completely. Now 
the distillation is interrupted, tl?e contents of the receiver are 
emptied into the above-mentioned 25 c.c. cylinder in which 
now the volume of the oils distiHed sver will amount to 
7 or 8 C.C., and the distillation is continued until exactly 
10 c.c. of oil has passed over. Now the receiver is changed, 
and a 100-c.c. cylinder, also divided into single cubic centi¬ 
metres, is put on. The distillation must now be carried on 
so slowly that the dijtillate arrives cold in the regeiver, in 
which 62’S c.c. are*collected. The residue reniaTSng in the 
flask is wort^ess for tha manufacture of carbolic acid and 

cresols. 

• 

The 62-5 c.c. obtained are utilized for ascertaining the 
solidifying-point, in the fallowing way:—TJie cylinder is placed 
in a vessel, and by the assistance of ice cooled down rather 
below the solidifying-point expected. Now, by means of a 
correct thermometer,,divided into tenths of a degree C. (the 
scale of which begins at 15 f m. above the mercury bulb, and 
goes from -(-10° to -(-40°), a tiny crystal of phenol is introducti, 
and stirred up, whereupon the crystallization soon sets in. 
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During the solidification of the whole the temperature risfis. 
As solidifying-point we must tajie the highest point reached, 
at which the mercury remains stationary at least for a minute. 
In the case of crude phenol of «goqd quality that point-ought to 
be between 15°-5 and 24“. 

For acquiring good practice in thif work, mixtures are 
made of various contents of pure crystallized carbolic acid and 
of cresols (preferably tar-cresol, that is a mixture of t'ne three 
isomers, pp. 77a et seq), the solidifying point of which has 
been previously ascertained. Mixtures of phenols with pure^ 
cresols (ortho-, para-, antiqmetacresol), such as Lunge and 
Zschokke [Chem. Ind., 1885, p. < 5 ) have examined for •their 
fusing points, do not give correct results, sinoe (as pqinted 
out by Lunge himself) the cresylic acid of coal-tar contains all 
three isomers, but in various proportions. 

Another process, applied at an English factory, ;s de.scribed 
in Chem. Zeit., 1884, p. 1338, but does not seem to be employed 
at any fcther place. , 

In order to estimate the amount of bases in middle oil, 
ICX 3 c.c. of the oil, from which the phenols have been removed, 
is shaken up with 30 c.c. of dilute sulphuric' acid* (20 per 
cent, of HjSO,, + 80 water), and after settling down the 
increase of the volume of sulphuric acid is read off. By 
evaporation, as dessribed supra for the estimation of the 
phenols, and cautious precipitation with caustic-soda solution 
of sp. gr. 1-40, applied in large excess, a controlling-experiment 
can be made. 

If the object is to ascertain the percentage of the pyridine 
bases, suitable for denaturii>g alcohol, the bases precipitated as 
just described) together with the caustic-soda solution, are 
quantitatively put into a distilling-flask, a cooler is attached, 
and the distillation carried on until the distillate no morq 
tastes of pyridine. The distillate, the volume of which will be 
about 50 cc., is brought up to 2001 c.c. by adding absolute 
alcohol, and to 10 c.c. of this mixture is added 2 c.c. of a 
saturated solution of cUdmium chloride in water. After 
standing for twenty-four hours, the white crystals of the 
cadmium double salt formed are collected on a weighed filter, 
iKed at 100° up to a constant weight, and weighed. lOO parts 
of these=45 parts pyridine bases. 
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Commercial Forms of Ca}^olic Acid and the Cresols. 

The designation “ Carbolic Acid ” is not confined in the 
chemical trade to a definite chemical individual, CjHjOH, but it 
is also used for the cresols, and their mixture with phenols; 
nay, even for crude t^r*oils, containing a certain percentage of 
these phenols, together with a large quantity of impurities. 

The commercial products belonging to this«class are:— 

(a) Crude Phenol Crude Carbolic .Acid. —This product is 
JIjrought into the market principally frrip* England. In the cold 
it forms a paste of crystals. If 50 per cent, are distilled off, the 
distfllSte at 15° yields crystal^ of phenol, which distinguishes it 
from crude creSol (so-called 100 per cent, liquid crude carbolic 
acid). • 

(b) Crystallized Phenol. —In the purest state it is a white, 
translucent mass of crystals, fusing at 40° to 42° and boiling at 
183° to 184°. On fusion it .forms a colourless liquid, of strong 
refraction, possessing a peculiar,- not disagreeable, smeTl. Sp. 
gr. at is°=i'066, Soluble in 15 parts water at the ordinary 
temperature. 

The products sent into the giarket under this designation 
show fusing-points from 42“ down to 32", since this point is 
strongly affected by very slight quaqjities of moisture and of 
cresols. * 

(c) too per cent. Liquid Crude Carbolic Acid, Dark. —A 
mixture of strong, sometimes nearly black colour, soluble in 
caustic-soda solution either clear or muddy, consisting 
principally of a mixture of the three isomeric cresols, but 
containing also considerable quantities of nhenoL^g.,-? well as 
some xylenol and more highly methylated .phenols. It 
generally begins to boil af 185°, going on till over 210°. It 
serves for coarse disinfections, as well as for the preparation of 
purer articles, such as those enumerated in the fallowing. 

(d) 100 per cent, ^icfiid Carbolic Acid, Clear (German 
Pharmacopoeia).—A liquid of yellow up to brown colour, of 
narrower boiling-point limits than thS preceding, occurring in 
the trade either in the clear or in the muddy state. It is 
principally applied for pharma«eutical purposes. 

(e) Pure Cresol. —A clear liquid, boiling from 185° to 20^f 
free frdm hydrocarbons, containing only traces of phenoj and 

3 D 
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of more highly methylated prpducts, consisting essentially" of 
the three isomeric cresols. A!^iO sold by the designation of 
Schering’s Tricresol. 

(f) Technical Metacresol.-^A. Mqmd of mostly'yellowish 
colour. In the trade there are two qualities of it. One of 
these boils at 199° to 204°, and contains - very little orthocresol, 
about 58 to 60 per cent, metacresol and the remainder paracresol. 

It is used in Germany for preparing “Liquor cres. sap.” The 
second, more valuable quality boils'at 202° to 204°, looks like 
the preceding, but is fr^e from orthocresol and contains -88 to , 
per cent, metacresol. '>• 

(g) Crude Commercial Carbolic' Acid, 25 to 30 per cent., or 
45 to 50 per cent., etc. Consists of tar-oil factions with a 
corresponding percentage of cresols and homologues, obtained 
in the working-up cof the crude oils, or prepared by mixing. 

Testing of Crude Carbolic Acid. 

The properties of crude carbolic acid have been mentioned, 

p. 785- , , 

C. Arnold and G. Werner {Apoth. Zeit., 1905, p. 925; Chem. 
Zeit. Rep., 1905, p. 381) give the following reactions for dis¬ 
tinguishing phenol and cresols. Mix 10 c.a of the aqueous 
solution, with caugtic-soda solution, alcohol, and f drop 
aniline. Shake up, add 5 or 6 drops hydrogen peroxide, 
shake again, and add 12 drops of a solution of sodium 
hypochlorite. The colour reactions are then as follows:— 
Phenol yields a red colour, passing over into yellow; ortho- 
and meOacresols, violet, at once changing into green; para¬ 
cresol, purple red, quickly vanishing. The latter is distinguished 
from phenol and the other crese,ls in this .way. Dissolve 
2 drops (if necessary, after liquefying) in 3 c.c. concentrate^! 
sulphuric acid and add a trace of potassium nitrite; then 
/-cresol yields a dark red, but phenoc, 0- and »r-cresol and tri¬ 
cresol an emerald green colour. With ferric chloride o-cresol 
yields a blue colour, rapidly turning green; »r-cresol and phenol, 
purple ; />-cresol, blue. 0 

The percentage of phenols ip crude carbolic acid can be 
\Cpproximately tested by shaking it up in a graduated tube 
with twice its bulk of 9 per cent, caustic-soda solution," added 
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gradually. This is the usual p-ocess; that of Hager (employ¬ 
ment of an alcoholic solution lof potash; Wagner’s Jahresbcr. 
1872, p. 675) Isss used. The volume of the neutral oils (which 
may be at the top or at this l?ottom) is now read off. The 
separation of the oily and aqueous layers becomes more 
accurate if (as first proposed by Hager) a quantity of petroleum 
spirit is jdded in equal volume to that of the tar-oil; of course 
this volume must be deducted. This or *any similar test 
cannot possibly be accurate, because the alkaline solution, 
especially if it be somewhat concentr^ttd, dissolves indifferent 
oils^and naphthalene. A check upi?n the reading of the volume 
of th'fe neutral oils is: saturating, in a graduated tube, a 
measured portion of the alkaline liquor with hydrochloric acid 
and reading off the volume of the phenols separated. 

Beckurts {Arch. Pharm., 1886, xxiv., ( 5 . 572) states that 
the phenSlswill dissolve about as much water as the water will 
dissolve phenols, and even prefers, for crude carbolic ajid, this 
test to Koppeschaar's (see p. 798J. 

The following prescription for testing crude carbolic acid 
was drawji up by Charles Lowe, in the first instance as an 
instruction to those tar-distiller: who supplied him with their 
products, and is followed at most English and some Continental 
works. The sp. gr. should be between 1-055 and 1-070. One 
thousand fluid grains (or, say, 200 c.c.) of tlie oil are distilled in 
a retort, without any special condensing-apparatus, and the 
liquid passing over is collected in graduated tubes. Water 
first distils, and is followed by an oily fluid. When 100 fluid 
grains of the latter have been collected, the receiver is changed. 
The volume of the<-wafer is then read off. If t^-«i*ly liquid 
floats on the water, it contains light tar-oil. - It should be 
heavier than ^ater, in wliich case it may be regarded as 
hydrated acid containing about 50 per cent, of real carbolic 
acid. The next portion of the distillate consists of anhydrous 
acidj and when it measures 625 g. the* receiver is again 
changed. The residue in the retort consists wholly of cresylic 
acid and still higher homologues of carbolic acid The 625 
grains measure of arfhydrous carbolic acid contains variable 
proportions of carbolic and Sresylic acids. These may Ije" 
approximately determined by ascertaining its solidifying-point* 
(vtde supra, p. 782) which should be between 15°-5 and C. 
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Having ascertained this temperature, a mixture of carbolic and 
cresylic acids is made in such proportions as to have the same 
solidifying-point. This must be adjusted by trial, or a number 
of standard specimens may be'prepared.^ The exact'point of 
solidification can be observed more exactly if a minute fragment 
of crystallized carbolic acid be added, to fnduce the commence¬ 
ment of the change of state: or the sample may be solidified 
and the liquefying-point noted. As excess of cresylic acid 
prevents crystallization, it is evident that in some cases a 
second fractional distillartion should be resorted to, the proces#.,. 
being arre.sted when the thetmometer rises to 190°. 

We may here mention Tidy’s and Abel’s methods (pp. 698 
and 701) for estimating the quantity of “tar-acids” in creosote 
oil. 

Dr Weyl, of Mannheim, tests crude carbolic acid by a 
caustic-soda solution of sp. gr. I-263 to 1-297. Stronger alkali 
extracts substances whose sodium compounds are in.soluble in 
the mixture of liquids, and are precipitated as a heavy layer 
between the oil and the sodium-phenate solution. These sub¬ 
stances (which have not yet been examined), belopg to the 
heaviest constituents of coal-tai; 

According to Watson Smith, cresol retains less water of 
hydration than phenol; < hence a superior quality of crude 
carbolic acid, containmg less cresol, gives off more watqr than 
an inferior. In the former case up to 16 per cent, of water is 
found. 

O. Bach * estimates water and phenol in one and the same 
sample of crude carbolic acid. Fifty c.c. of the acid to be tested 
are distill^, .in a retort hntil solid hydrocarbons begin to 
deposit in the condenser. The distillate is received in a wide 
burette, holding lOO c.c. and gradua‘ted in J c.C., which has a 
glass, tap fused on to its lower end. In this burette is 
previously placed a saturated solution of common salt, about 
25 C.C. in volume, anfl its level is rea^f off exactly. If the car¬ 
bolic acid be free from water, the distilled oil separates clearly 

* CJ. (p. 277) the experiments made by Luij?e and Zschokke on the 
fusing-points of mixtures of pure phenol and pure paracresol. Since 
“^resylic acid” contains all three isomeric cresols, the indications furnished 
by Lowe’s prescription must be of a very rough character. 
dent. Zeit., 1882, p. 989. 
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fAm the salt solution; but if it be aqueous, the oil with the 
water and brine form a kind} of emulsion; by agitating, how¬ 
ever, the two layers will quickly appear distinct. The increase 
in volume of the brine direclly*indicates the quantity of water 
contained in the crude acid. Before estimating the phenol, the 
brine is removed by means of the glass tap. The burette is 
then filled up to the zero-mark with a caustic-soda solution of 
sp. gr. t-26, and, after closing with a cork, is.vigorously shaken 
and allowed to settle. Tf the burette'was j|,uite clean and 
especially free from grease, the oil will Jjjve completely separated 
after half an hour, and its level car»be observed. The difference 
from •the volume formerly itbted at once gives the amount of 
phenols. • 

Tath' shakes up 20 c.c. crude carbolic acid with 20 c.c. 
caustic-potash solution of sp. gr. 1-25 to 1-30, allows to stand for 
half an‘hour, and dilutes with water up to 250 c.c,, whereupon 
the tarry constituents oi^ the crude acid separate and are 
removed by filtration. The residue is washed with tejfld water 
till the reaction has ceased to be alkaline; the filtrate and all 
the washings are collected and diluted to 3 litres. Fifty c.c. of 
this solution are taken out, and to this is added 150 c.c. of 
Koppeschaar’s bromine solution (see below), and 5 c.c. of con¬ 
centrated hydrochloric acid. The jjiixture is shaken up now 
and then for twenty minutes, 10 c.c. solnticTn of potassium iodide 
is added; and, after standing at most five minutes, starch 
solution is added, and the free iodine titrated with sodium 
thiosulphate (see p. 799). 

This method cannot be accurate, as crude carbolic acid 
contains a large ar^owit of cresols; which combinp \\Wth much 
less bromine than phenol proper, as first show^^y Kleinert.2 
Hence Stockrweier and I’tiurnauer’ modify the method in the 
following, at the same time more expeditious, way. They 
dissolve 1-5 or 2 g. of crude carbolic acid or i-o g. of strong 
carbolic acid in three ^ii.^s its volume of»30 per cent, caustic- 
potash solution, by shaking for five or ten minutes in a small 
flask; this they dilute to a litre, whfereupon the hydrocarbons 
separate very well ak the bottom or the top of the aqueous 

’ Fresettius's Z^t., vol. xxv., p. 160. 

* Z. anal. Chem., 18S4, p. i. 

^ Cheni. Zeit., 1893, pp. 119 and 131. 
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liquid. Of the latter a little over loo c.c. is filtered, and tWo 
portions of 50 c.c. each are mix^i in a stoppered flask with 100 
c.c. of a solution of 2-517 g. sodium bromate and 9 or 10 g* 
sodium bromide in a litre, together with 5 c.c. strong hydro¬ 
chloric acid ; after standing for ten minutes 15 c.c. of a 12.5 per 
cent. KI solution is added, and the whole<.is_titrated with sodium 
thiosulphate. At the end of the titration, together with starch 
solution, a little, chloroform is added, which prevents the 
tribromphenols from curdling and thus enclosing some iodine. 
The presence of anilvuv ^nd pyridine bases has but littlp^ 
influence. •• 

The same authors examine' the phenols separately by 
extracting them with caustic-potash solution, rentoving from this 
solution all hydrocarbons by shaking with ethei, precipitating 
the phenols with dilute sulphuric acid, and distilling them off 
by means of open steam. The distillate is saturated with NaCl, 
and the phenols are extracted by etlipr. The latter .s driven off 
again, a'nd the pure cresols a»e fractionated: ist, up to 198° or 
202°; 2nd, up to 240°; 3rd, above 240° C. Each fraction is 
separately titrated with bromine, and to reduce the figures to 
the true percentage of cresols ,they must be multiplied for the 

first fraction by second by v^here a- 

4 ‘ 44‘’44 

denotes the total qbantity of bromine calculated for 100 g. 
phenol. See, however, later on, the statements of Ditz and 
Cedivoda, who declare the principle of this analytical method to 
be erroneous. 

' Vaubel 1 pointed out that paracresol does not fix three, but 
only two' ^cms of bromine; Stockmeier 4pd Thurnauer con¬ 
tend ^ that this, does not affect their method and at most proves 
that their carbolic acids had contained little or rro paracresol [i]. 

The percentage of water in phenol, according to Vulpius,® can 
be approximately tested by adding olive oil. Carbolic acid, free 
from water or containing but little Water, can be mixed with 
many times its own volume without becoming turbid. The 
more water it contains, the less oil it will take without becoming 
turbid. Four volumes of crude carbolie acid containing not 
rtiuch above 10 per cent, water '/ill give a clear mixture after 
praki. Chtm. [2], xlviii, p. 74. " Chem. Zett., 1893, p. 404. 

^ \yagner-Fischtr‘s Jahresbir., 1884, p. 494. 
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Wing well shaken up with 4 parts of olive oil; a fifth part of oil 
will cause strong turbidity. i 

Riesenfeld {Chem. Centr., igo2, ii., 627) estimates the 
percentage of water in phenol by the electric conductivity of a 
solutidn of potassium iodide in the product to be tested. 

Casthelaz 1 gives the following notes on the testing of crude 
and impure (liquid) carbolic acids;—“ Crude carbolic acid ” is a 
dark brown or black fluid, containing phen(J, cresol, saponifi¬ 
able oils, non-saponifiable oils, naphthalen^, water, and 
ammonium sulphhydrate. Its perr^tage 1 n crystallizable 
phenol is estimated by Lowe’s method {cf. p. 787); “crude 
carbolic 60 per cent.” mea»is an acid which by Lowe’s test 
indicates 60 p*r cent, of real phenol.—“ Liquid carbolic 100 per 
cent., 95 per cent, 50 per cent.” (not to be confounded with 
“liquefied pure carbolic acid,” rf. below) piean articles con- 
taining* 4 he,above percentages of cresol, for those acids do not 
contain more than traces of real (crystallizable) phenol. They 
have a more or less unpleasajit smell, due to sulphuretted 
hydrogen, ammonium sulphhydrate, or organic bases. These 
sulphur compounds are easily detected by shaking up with 
water an’d adding subacetate of lead, which produces a more or 
less abundant black precipitate of lead sulphide. The sulphur 
compounds can be removed from phenol by agitating it with a 
solution of sodium bisulphite; theTattei* is changed into thio¬ 
sulphate (Casthelaz’s patent, 1881). The more or less deep 
colour of liquid carbolic acid depends upon the washings 
practised with the crude acid before redistillation. The more 
bases have been left in it, the darker the acid will turn with age, 
—The liquid carbolic acids at 95 and 90 per cent, contain 5 or 
10 per cent, of water; “liquid carbolic acid 50 ^r cent.” is an 
artificial compound, whki? appears in the market only in times 
of scarcity. It ought to contain 50 per cent, cresylic acid and 
saponifiable oils, 40 per cent, heavy and light, not saponifiable 
tar-oil, and 10 per cenjp water; but articles have been sold 
under that name by English and German manufacturers which 
did not even contain 30 per cent, saponifiable oils. 

Instead of the qfdinary soda test, Casthelaz proposes the 
following tests:— , 

1st. Shake up 50 c.c, liquid carbolic acid with 50 c.o» 
t Bull. S«c. Chim., vol. xlii., p. 574. 
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water. The volume of the carbolic acid should remain alm6st 
the same; if not, it contains jilcohol, glycerin, carbolate of 
soda, etc. 

2nd. Shake up 50 c.c. of the liquid carbolic acid with 50 c.c. 
of sulphuric acid, diluted with 50 per cent, water. Any slight 
diminution of the volume of carbolic acidcorresponds to its per¬ 
centage of water. If the diminution of volume is considerable, 
there is probablyparbolate of soda present; and the Insoluble 
upper layer in^dicates the quantity Pf cresylic acid and other 
.saponifiable prooucts. , , 

3rd. 100 c.c. liquid carbolic acid is mixed with 100 c.c. 
caustic-soda solution of sp. gr. 1-38, and diluted with wa^sf up 
to I litre. This will separate the non-saponifi*ble products; 
the naphthalene floats at the top in the solid state, and can 
easily be collected and weighed. 

4th. 100 c.c. are distilled in a tubulated retort, Jliaithermo- 
meter reaching down to within i cm. (H in.) from the bottom. 
Notice iSj taken, ist, of the water coming over before the cresol; 
2nd, of the oily product distilling between 182° and 190°, and 
consisting mainly of phenols; 3rd, of the percentage distilling 
between 190° and 205°, = cresol| 4th, of the residue remaining 
in the retort. 

The test of the German Pharmacopoeia for ‘‘90 per cent, 
crude carbolic acid” is as follows;—Shake 9 volumes of caustic- 
soda liquor of sp. gr. 1-079 to i-o8 very thoroughly with i 
volume of crude phenol and allow to settle perfectly; the 
portion remaining insoluble, which floats on the top and which 
is liquid or semiliquid, ought not to exceed 10 per cent, by 
volume. The product repreeipitated from the alkaline solution 
by adding hy^ochloric acid, in the case of a good article (not 
containing an excess of cresol), should be soluble in at most 
thirty parts of water. 

Hager tests crude phenol of no less than 85 per cent, by 
shaking 10 c.c. with,, 20 c.c. glycerin, ^heating gently, shaking 
again, and allowing to settle for six or ten hours. The lower, 
brighter layer is a solution of the phenols in glycerin; the upper, 
darker one consists of the impurities. , 

• Naphthalene in crude carbolic, acid is estimated by Muter 
{Chzm. Centr., 1890, i., p. 840) by shaking 50 c.c. of the sample 
with 200 C.C. of a 10 per cent, solution of caustic soda, i^hicb 
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l&ves the naphthalene behind. It is filtered, washed with 
water, pressed, and weighed. {[Of course this process holds good 
only for the very exceptional case that no tar-oils are present, 
which would keep jaart of th? naphthalene dissolved.] 

Seiler {Schweiz. Wockensch. f Phann., 1892, p. 365) heats 
100 g. crude carbolic «icid with 100 g. milk of lime (i : 5) for an 
hour on the water-bath, with stirring, adds loO c.c. water, and 
filters aTter cooling. In so-called 40 to 45 pej cent, commercial 
carbolic acid he found oflly 3 to 5 per cent, ohenols. [This 
jnethod is utterly worthless, as w^ also mown by Klisch 
{Pharvt. Zeit., 1892, p. 650) and Reos [ibid., p. 666).] 

"Ijahmann 1 extracts witii caustic-soda solution, and after¬ 
wards the nor»-saponifying oils with petroleum spirit. 

Schacherl ^ extracts several times with caustic-soda solution 
of sp.gr. I-1, dilutes the solutions with thf same volume and 
water, a«d,fl*stils until the distillate is quite clear and free from 
oil. The residue, after cooling, is acidulated with HCl and 
again distilled. The water separating from the distillate is 
distilled over again, till quite clear, and the phenol separated 
from all these solutions by sodium chloride, [This is not 
altogether an exact method.] 

C. E. Smith ^ describes a somewhat complicated process for 
applying the bromine method to the examination of crude 
carbolic acid, which cannot give very aacurate results. 

Schryver* points out that all bromine or iodine methods 
must be wrong in the presence of hydrocarbons reacting upon 
Br or I. His own method is founded on the evolution of NHg 
from sodium amide by hydroxyl compounds: 

Najm^ + C„H,OH = NaOC^Hs + NH|f 

About I gfof powdered sodium amide is washed with pure 
■benzene (free from thiophen) and is then placed, together with 
50 or 60 c.c. pure benzene, in a wide-necked flask, connected 
with a reflux-cooler,.a^rop-funnel, and* an aspirator. It is 
heated to boiling on a water-bath, and the N H., adhering to the 
amide is removed by aspiration. N6w the sample to be tested, 
dissolved in 6 parts# pure benzene and completely dried with 

* Chem. Zeit., 1892, p. 365. * ^ Pharrn. Centralhalle, 1892, No. 2. 

^ Amer.J. Pharm., 1898, p. 369 ; Chem. Zeit., 1898, p. 230. 

^ ]. Soc. Chem. Ind., 1899, p. 553. 
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fused sodium acetate, is run in through the drop-funnel,' a 
receiver with 20 c.c. normal sulphuric acid having been inter¬ 
posed between the apparatus and the aspirator. The boiling is 
continued, air being always aspirated through, and the funnel 
being well rinsed with benzene, until all NHj is evolved, which 
takes about an hour and a half. It is indispensable that the 
apparatus should be absolutely dry. By titrating the acid in 
the receiver, the jjhenol can be estimated to -f- 2 per cent. In 
mixtures of phenol and cresol thehydroxyl number” thus 
found permits oi calculafijig the mutual proportion of both tcj 
about 10 per cent. In ordento estimate the water^ the phenols 
are dissolved in benzene, dried \v;th dehydrated aceto*^, and 
the phenol estimated as above. • . 

Fischer and Koske, in Siid, Chem. Zeit., 1903, No. 21, 
describe a number, of samples of “ crude carbolic acid ” which 
consisted mainly of cresols, as proved by fractionatii)g,*^tc. 

Recently crude carbolic acid ha,s sometimes been found 
adulterated with the phenoloid substances from blast-furnace tar, 
which chemically are much nearer to the complicated phenols 
of wood- and lignite-tar. Possibly their antiseptic properties 
equal those of the coal-tar phenols, but at all events they should 
not be added to these without informing the buyer thereof. 

. Kraemer and Spilker (Muspratt’s Chemie, viii., p. 58) 
establish the technical value of crude phenol as follows:— 
200 g. of the crude phenol are distilled according to the 
method of Lowe {supra, p. 787), making two fractions. The first 
of these (“first runnings”) should, beside the water, contain 
20 C.C. oily matter; the second consists of the following 125 c.c. . 
Of this second fraction the solidifying poin( is established, as 
described Tuprh^ p. 782 ; also the clear solubility, by shaking up 
I part oil with 4 parts of a 10 per cent, solution of potassium or 
sodium hydrate; this ought to produce a clear solution, not. 
becoming turbid when diluted with water. In order to 
completely separate ihe water in the^fir^t runnings, these are 
mixed in a graduated cylinder with the three- or fourfold 
quantity of benzol. • 

^Church and Weiss (/. Ind. Eng. Chem., 1914, p. 396) tried 
the methods for proving the presence of paraffins in coal-tar 
creosote. The dimethylaniline method of Chapin is not reliable, 
but good results are obtained by Bateman’s method of treating 
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tRe creosote oil with fuming sulphuric acid which dissolves the 
real creosote, and leaves the’ paraffins behind. Creosote oil 
from coke-oven tar was found to contain no paraffins; gas-tar 
contains" 0-2 to 6-4 per cent., of •paraffins, the lowest percentage 
occurring in the tar from horizontal gas-retorts. Water-gas 
creosote-oils contain from 0-4 to 14-2 per cent, paraffins. 

Cloukey (/. Ind. Eng. Chem., 1915, p. 923) describes the 
examination of creosote-oils for carbon and. dirt by the Davis 
spot tests. 

Examination of Pure Phetfbl and Cresols. 

Tha, properties of pure phenol have been described supra, 
pp. .268 et seg. The “ pure carbolic acid ” of the trade shows 
fusing-points, ranging from 42° down to 32°, which are strongly 
influenced by the presence of small quantities of water and of 
cresols i(L4mge and Zschokke, Berl, Ber., 1882, p. 2201). 
Synthetically produced phenol is also found in the trade (see 
p. 764): its properties in all essential points arc the* same as 
those of the phenol extracted from coal-tar. 

Ordinary commercial “pure” carbolic acid may contain 
traces of fixed substance.s—compounds of sodium, calcium, 
copper, lead, etc., but never more than in most minute quantities. 
More usually there are present small quantities of higher¬ 
boiling phenols, of substances which oause the development 
of a* red or yellowish-brown colour (pp. 766 et segi), and of 
water. Crystallized phenol may contain as much as 5 per cent, 
water; only when containing 7 per cent, and upwards of water, 
carbolic acid remains liquid at ordinary temperatures. Water 
lowers the fusing;jpoi«t of phenol,.but it increases ite solubility 
(perhaps the statements of Allen, ascribing to jiJienRl a greater 
solubility than that found by all other observers, p. 270, may be 
explained in this manner). Even i per cent, of water may be 
recognized by shaking the phenol with its own volume of 
chloroform or ether, wj in that case willjrroduce a milky liquid. 
The quantity of water can be approximately tested by the 
increase in volume of a concentrated solution of sodium chloride 
or calcium chloride^as has been described above in connection 
with the testing of crude, carbolic acid. The quantitative 
estimation of the water can be exactly performed by mUcijig 
the 'phenol with about five times its weight of finely levigated 
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lead oxide, and drying at 70° or 80° till the weight is constafit, 
or by Schryver’s method, p. 793 cf. also pp. 788 and 790. 

Very important for judging of the quality of “pure carbolic 
acid ” is the examination of its ffising-poini, or preferably its 
solidifying-point. ’ 

A further examination has to be made of the clear solubility 
in 10 per cent, caustic-soda solution, and in water; for pharma¬ 
ceutical purposes, also metallic impurities come into question, 
both such as qpme from the apparatus employed, and such as 
are added on purpose, stannous chloride. 

Fusing-point and Solidifying-point .—Methods for ascertaining 
this are described supra, p. 782. t 

{Pharm. Zeit., 1903, p. 210; Cliem.Zeit. Rtep., 1903, p. 86) 
contends that the fusing-point of carbolic acid =40° to 42° Q, as 
demanded by the,German Pharmacopada, is decidedly too 
high. The purest obtainable phenol solidifies at 4p-9^^nd its 
fusing-point is at most o-i° higher. _ Hence the fusing-point 
should bt! put at the highest at 41°, better at 39° to 41^ 

The higher-boiling phenols greatly lower the fusing-point of 
carbolic acid. This is most clearly proved by the experiments 
of Lunge and Zschokke {cf. p. 27^), which prove such a lowering 
of the fusing-point, even when the second phenol is paracresol, 
whose fusing-point is as hjgh as 32°-5. But since commercial 
carbolic acid contains^ even larger proportions of metacresol, 
which is liquid far below the ordinary temperature, theIow*ering 
of the fusing-point is far more considerable than would be 
indicated by those experiments. The reddish or brownish 
liquid collecting in the vessels where not absolutely pure phenol 
is kept mostly contains those higher phenols. Carbolic acid, 
free from tflese'^ven when containing several per cent, of water, 
after heating for some time in an opai dish and cooling down 
in a desiccator over concentrated sulphuric acid, solidifiej to a 
white crystalline mass, with a melting-point of about 30°; but 
if it contains a little qresol, etc,, the rescue is brown, and has a 
much lower melting-point, sometimes remaining liquid. Some 
authorities assume that these very substances cause the redden¬ 
ing of phenol by an oxidizing process (p. ^71). They are also 
indicated by agitating phenol with,three times its bulk of pure 
CQB»entrated sulphuric acid, to which they impart a yellow, 
brown, or pink colour ; also by forming a muddy mixture with 
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glycerin, and by furnishing with bromine a product distinct from 
pure tribromophenol by not being crystalline, by being coloured, 
and by fusing below 90°. {Cf. also Allen’s table of the differ¬ 
ences in the behaviour of carbolk and cresylic acids, p. 275.) 

Solubility. —Pure carbolic acid should dissolve completely 
in 4 vols. of 10 per cent, caustic soda or potash solution,forming 
a perfectly clear liquid which is not rendered turbid by addition 
of water. An even more delicate test is the sglubility in water; 
I part pure phenol should dissolve in 15 parts of^istilled water 
gf 15° C. to a perfectly clear liquid. 0^ 

When fused, pure phenol i.s as limpid as water and perfectly 
colduulsgfi, and on solidifying»it should form a white or glassy 
translucent mass. But in course of time even the purest phenols 
turn red; cf. pp. 271 and 766. 

Sulphur Cmnpounds. —Crystallized carbojic acid ought in no 
case to'aonfain any sulphur compounds, which impart to it a 
nauseous smell, and which can be detected by adding subacetate 
of lead (p. 772), or by boiling an alcoholic solution of tl* sample 
with lead hydroxide. 

Lique^ed pure cflrbolic acid —that is, pure phenol purposely 
liquefied by 'Ihe addition of 10 per cent, water, alcohol, or 
glycerin—can be distinguished from “liquid carbolic acid,” 
which essentially consists of cresols,jetc. (p. 785), by its boiling- 
point (beginning at or below 100°, but quickly rising to 185° to 
190", whilst the last-mentioned article boils at 185° to 209"), by 
its solubility in water (the liquefied pure acid requires at most 
18 parts of water to form a clear solution, while cresylic acid is 
not completely dissolved even by 50 parts of water), by the 
different properties of. the bromine* precipitates, and fey all the 
other distinctive reagents mentioned (p. 275). ifs p^centage of 
pure phenol is determiiffed by one of the methods described 
ielow^ 

Schlickum {Phann. Zeit., 1884, p. 794) founds a testing- 
method OB the increase *f volume produced in liquefied carbolic 
acid by shaking with iJB own volume of water. This method 
is accurate, but the measurement should be made very correctly, 
as a difference of i cgc. is = 8 to 10 per cent, of water. 

Vulpius proposed anothej somewhat similar method which 
has been worked out in detail by Salzer (tbtd., i886. No. i). sHe 
also 'points out that, whilst anhydrous phenol gives ^a clear 



798 


CARBOLIC OIL (MIDDLE OIL) 


mixture with carbon disulphide, aqueous phenol yields a milky 
liquid, which requires all the more acid to clear it the more 
water the phenol contains. Later on [Pharvt. Centr., 1891, 
p. 153) Salzer described another test for liquefied’ carbolic 
acid; 10 c.c. must not give a permanent turbidity with 2-3 cm. 
of water; with more water, the sample* must yield a turbid 
mixture which dissolves to a clear liquid with not less than 135 
and not more than 140 c.c. water. 

Small quantities ofcresol are not indicated by these methods ; 
cf. Beckurts {^Arch. d. Ph^nn. [3], vol. xxiv., p. 580). 

Eger (/or. «V.) states that*'liquefied carbolic acid should be 
tested as follows :—10 c.c. should at 15° not be renderef^-cloudy 
by adding 2-3 c.c. water, but by the further addition of 8 to 10 
drops of water. This cloudy solution should form a clear 
solution by the addition of not less than 115 and not more than 
13s c.c. of water. 

The exact quantitative estimation of phenol is always made 
by precipitating it with bromioe as tribromphenol, a reaction 
discovered in 1871 by Landolt, Tribromphenol forms white 
star-shaped groups of needles, of a peculiar smell, fusing at 95", 
insoluble in water, acids, or somewhat dilute alcoh'ol, but soluble 
in alkalis, ether, or absolute alcohol. Hence it is necessary to 
acidify the’phenol or its sol^ution in water or dilute alcohol, and 
to add bromine-water till the liquid has assumed a permanent 
yellow colour. It is best to heat the liquid till the precipitate 
fuses to an oil, and then to cool it; the precipitate thus solidifies 
to a cake, which is easily washed, dried, and weighed. If much 
cresol is present (which also gives a tribrom-derivative, though 
a liquid orse), the precipitate will be a sticky mass. It is there¬ 
fore not p^siblfe to separate phenol from cresol by this method. 
One hundred parts CjH2Br3(OH) correspond to 2&'4 CeH5(OH) ; 
and the quantity of fjromine which indicates I'OOO phenol would, 
indicate mo6 cresol. As a gravimetric method, however, this 
test is not correct, for Weinreb {MotMtsh., 1885, p.^sod) has 
shown that the precipitate is not CgH3i5’‘jO, but C3H2Br3,OBr; 
but the additional bromine In titrating sets-iodine free from KI, 
so that Koppeschaar’s volumetric method is exact after all. 
Beckurts (Arch, d. Pkarm., 1886, vol. xxiv., p. 561) confirms this. 

»■ The gravimetrical estimation of phenol by this’ method is, 
moreover, much hampered by the fact that the tribromphenol 
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israther volatile at loo'. But the formation of that compound 
can be turned to account for 'an accurate volumetrical estima¬ 
tion, which was first proposed by Koppeschaar (if. anal. Clievi., 
1876) p. 333). We here describe his method, which is still that 
which is most frequently employed. The liquids required are— 
1st, a solution of sijdium thiosulphate, exactly corresponding 
to a solution of iodine, containing 5 g. I per litre ; 

2nd,‘solution of starch ; 

3rd, bromine-water of such concentration th^ 50 c.c., after 
being decomposed with potassium ioc^de, req#^ 18 to 20 c.c. 
*of the thiosulphate solution ; , * 

•4tl^a solution ofpotassiug: iodide, containing 125 g. per litre. 
Dissolve 4^. of the sample of carbolic acid in water, and 
dilute up to I litre. Put 25 c.c. of this solution into a stoppered 
half-litre flask, fill it quickly up to the mark with bromine-water, 
close it.qpd agitate for some time. Before adding the bromine- 
water, run 50 C.C. of the same into a small beaker, containing 
5 c.c. of the potassium-fodide^ solution. After standing for 
half an hour, empty the contents of the half-litre flask into a 
large beaker, already containing 5 c.c. of the potassium iodide 
solution,‘and*tinse the flask twice into the same beaker. Then 
titrate the liquids, both in the sfhall and the large beaker, with 
the thiosulphate solution, adding some of the starch solution, 
but only towards the end of the opfraticui, and read off, when 
the bfue colour ceases to return after a few minutes.—We have 
thus employed 25 c.c. of the phenol solution (corresponding to 
O-i g. of the sample), we have added 475 c.c, bromine-water, and 
we have standardized 50 c.c. of the latter with a thiosulphate 
solution of the strength formerly indicated. If we fall a the 
C.C. of thiosulphate*required for the 50 c.c. of brorfiind*^ater, and 
b the C.C. of thjpsulphate required for the excess of bromine in 
ihe 25 c.c. of the solution, the formula 

( 9-5 a-^)o-6i753 

directly indicates the pycentage of phenol in the sample. 

Koppeschaar also mentions that,instead of bromine-water, 
a mixture of five molecules of sodium bromide and one molecule 
of sodium bromate may be employed. This mixture is obtained 
by adding to a solution of caustic soda an excess of bronyqp 
and evaporating to dryness. The resulting mixture of salts 
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is redissolved, and, on adding hydrochloric acid, yields all cts 
bromine in the free state: 

5NaBr + NaBrOj + 6H C(= 6NaCl + 6Br + 3H2O. 

It is, however, not necessary to evaporate the original 
mixture to dryness; it is sufficient to boil the solution of 
bromine in caustic soda for some time. ■ Allen ^ has proved 
that ]a boiled solution of this kind keeps its standard for a 
long time. He had himself formerly ® proposed employing this- 
solution in li^-pf bromine-water, and obtaining its standard 
by calculation, by employing a standard solution of caustic 
soda for preparing the mixture ; but this very indirect method 
introduces an element of uncertainty, and seems less triiSI^orthy 
than Koppeschaar’s original method, which is als‘o preferre'd by 
Waller.s 

It seems the most certain method ,to standardize the bromine- 
water with pure phenol itself. This has been recommended by 
Diacosa {Rep. Anal. Ghent., ii., p. 137); and is also employed by 
Allen in* his last prescriptions'for determining the phenol in 
carbolic soap (see below). Diacosa runs the aqueous solution 
of phenol into the bromine-water, and determines the end of 
the reaction by testing a drop q*' the clear solution with paper 
Soaked in a solution of starch and potassium iodide. This 
plan was first proposed by- Degener (/. prakt. Chem. [2], xvii., 
p. 390). Chandelon (Rull. Soc. Chini., xxxviii., p. 69) uses the 
same indicator; but he employed the brominated caustic soda 
ih lieu of bromine-water. These direct tests are quite incorrect, 
owing to the formation of tribromphenol-bromide (p. 798). 

Beckurts {cf. above) proposes the following as the most 
certain w^y of testing. The'solutions employed are:— 

1st. A yV normal solution of potassium bromide, containing 
5.939 g. KBr per litre. 

2nd. A normal solution of potassium bromate, containing' 
1-6666 g. KBrOg per litre. 

' J. Soc. Chem. Ind., 1884, p. 64. 

2 Commercial Organic Analysis, 1879, vol. i., p. 307. 

5 Chem. News, xliii., p. 153. The figures given by Allen for calculating 
the results, which were repeated in the first editioii of the present work, are 
wrong. Every cubic centimetre of the thiosulphate solution used over and 
abo^e 6 -i 7 C.C. indicates 000157 g. impurities in o-i g. of the sample, or 1-57 
per cent. 
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03rd. A solution of 125 g. potassium iodide per litre. 

4th. A normal solution of sodium thiosulphate, containing 
12-4 g. of Na^SjOj, 5 aq., per litre, and equal to o-oo8 g. 
bromine or 000156 g. phenol ppr cubic centimetre. 

This method is 'also recommended by Redman, Weith, and 
Brock (/. Ind. Eng. 1914, p. 205). 

Into a well-stopp'ered bottle put 25 to 30 c.c. of the solution 
of phenol (i: 1000), add 50 c.c. each of the solutions of KBr 
and KBrOg, then 5 c.c. concentrated sulphuric a^, and shake 
vigorously. After ten or fifteen minutes add Vfi c.c. of the KI 
'solution, and titrate the iodine whi(^ separates with the thiosul¬ 
phate,solution. This processes accurate whenever solutions of 
pure carbolic a^id are to be tested, or mixtures from which such 
can Le isolated, but it fails in the case of crude carbolic acid or 
other mixtures where cresol is present. 

Moerjf {Chem. Zentr., 1904, ii., p. 1764) recommends as 
indicator in Koppeschaar’s method chloroform in lieu of starch 
solution, the final reaction bein^ sharper. S. J. Llo)*d {ibid., 
1905, i., p- 599: /■ Amer.'Chem. Soc., 1905, xxvii., p. 16) 
describes his special way of carrying out that method, by which 
he believ6s t(s*attain an accuracy up to o-i per cent. 

Olivier (/. Soc. Chem. Ind.* 1910, p. 79) declares Lloyd’s 
criticism of Koppeschaar’s method to be unfounded, and his 
method of estimating phenol to be iffkccutate. Further modifi- 
catiorfc of Koppeschaar’s method are described by Authenrieth 
and Beuttcl {Chem. Zentr., 1910, i,, p. 1646); Telle {J. Pharm. 
Chim., 1901, xiv., p. 389); Mascarelli {Gasz. Chiin. Ital, 1909, 
p. 180); Olivier (/. Soc. Chem. Ind., 1910, p. 936); Versfeld 
(Z. angew. Chem., 1915, ii., p. 592). , , 

Since the highSr-boiling phenols are much less TBaluble in 
water than rqfil carbolic* acid, or even insoluble, the direct 
application of Koppeschaar’s method, as will be easily under¬ 
stood, yields very unsatisfactory results with creosote oils 
containing such higher phenols.^ In this c_ase the phenols may 
be dissolved in caustic-^da solution, and this solution may be 
titrated with bromine-water in the presence of an excess of acid ; 
but in the best case on^ approximate results can be thus obtained, 
especially since the calculating factor for the higher-boiling 
nVifnnl ic quite different from that for carbolic acid (see p. 738^ 

' Cf. Z. anal. Chem., xxiii., p. i (Kleinert). 

3 E 
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Leube’s colorimetric method, with employment' of ferric 
chloride ,1 and Nietsch’s method of converting the phenols into 
sulphonates of barium or lead and estimating those metals,® 
can evidently not yield any accurate results. The same holds 
good of the proposal of Carrd, to convert th6 phenol into picric 
acid and estimate this colorimetricallv.® Bader* makes a 
solution of not less than 20 g. phenol per litre, of which 50 c.c. 
is titrated with standard soda solution, employing as 'indicator 
a solution of the symmetrical tri.nitrobenzenes. The liquid 
must be compTa‘’ely colourless to begin with, and the end is 
shown by a reddish-ytelloiy colour. This process can hardly" 
yield satisfactory results. 

Messinger and Vortmann'^ employ an ipdometric'aTprocess. 
They dissolve 2 or 3 g. of phenol in at least 3 molecules caustic 
soda (in solution), dilute to 250 or 500 c.c., heat 5 or 10 c.c. to 60°, 
and add decinormal iodine solution until the liquid has turned 
strongly yellow, when on shaking a red precipitate of iodo- 
phenols is formed. The cooled liquid is acidulated with dilute 
sulphuric acid, diluted to 250 or 500 c.c., and 100 c.c. of this is 
titrated back with decinormal thiosulphate. Each 6 molecules 
of iodine used= i molecule phenol. 

Korn" applies this process to the estimation of phenol 
in sewage. 

Wake and Ingle ^ disChss the iodine values of the various 
phenols, which differ very much from one another. 

Storch" gives a cryoscopic method for estimating water and 
orthocresol in crystallized carbolic acid, which can at the best 
yield only approximate results. 

Keppler" proposed extending Koppeschaar’s method to the 
estimatira of pure cresols, starting on the assumption that they 
fix three atoms of bromine, which *s quite wrong, as already 
pointed out by VaubeV" and more in detail by Ditz and 
Cedivoda.^' They show that metacresol with an excess of 
bromine forms a tetrabromide, whilst orthocresol fixes only two 

* Dingl.polyt. /., ccii., p. 308. ® Wagh.'^s Jahrester^ 1879, p. 1036. 

^ Comptes rend., 1891, p. 139. * Z. anal. Chem., 1892, p. 58. 

® Berl. Ber., 1890, p. 2753. “ Z. anal. Chem., xxxiii., p. 552. 

. ^ /. Soc. Chem. Ind., 1908, p. 215. Berl. Ber., xxvii., referate p. 90. 

_. Arch. Hyg., xviii., p. 51. ’ “ /. prakt. Chem. [2], xlviii., p. 74. 

” Z. angew. Chem., 1899, pp. 873 and 897. 1 
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atoms of bromine. Up to the present, an accurate method for 
separating phenol and the three cresols does not exist. Cf. 
also Vaubel (Z. angew. Che 7 n., 1899, p. 1031) and Ditz {jbid., 
p. liSS). 

Muter * proves the presence of water in cresols by shaking 
the sample with three volumes of a saturated solution of sodium 
chloride. Anhydrous cresol absorbs about 5 per cent, of the 
latter; but if the cresol is already saturated, with water, the 
volume of the salt solution Is not changed. 

Tocher {Phartn. Ixvi., p. 360) estimated phenols, in the 
absence of other oxidizable substanjes, by a decinormal solution 
ofpotq''y,um permanganate. •The solution of phenol (i : 100) 
is mi.ved with an excess of sodium bicarbonate, the perman¬ 
ganate is added, and the whole boiled for a few minutes. 
After cooling, dilute sulphuric acid is gradually added till the 
reaction'has turned acid; the liquid is warmed up and titrated 
back with decinormal oxaUc acid. Each 0 01 g. pure CuH^O 
takes 2978 c.c. decinormal KMnQ^. 

Reuter {Chem. Zentr., 1905, i., p. 1012) tests pure carbolic acid 
for the presence of phosphoric acid and tin salts; the former 
ii^ht have been added to prevent reddening, and the latter 
might have been taken up from the containing vessels. 


hlethods for estimating the Three Isomerie Cresols. 

For this purpose Raschig (Z. angew. Chem., 1900, p. 759) has 
worked out the following process ;—Weigh off exactly 10 g. 
of the cresol mixture in_a small Erlenmeyer flask. A^ 15 c.c. 
of sulphuric acid, s]j. gr, 1-38. Keep for an hour in«R steam 
oven ; then pout into a wic'^-necked litre-flask, cooling this on 
the outside under a water-tap; this will cause the sulphonic 
mixture* to spread as a syrup on the sides of the flask. Put 
90 c.c. nitric acid (sp. gr. i q) into the Erlenmeyer, shake it to 
dissolve the remains of fl\.i sulphonic mixture left therein, pour 
the whole quickly into t’..e litre flask, shake this vigorously 
till all the sulphuric acid is dissolved, which should be the case 
in about twenty seconds. Place the flask at once under a 
draught hood. Very soon a'violent reaction sets in. The 

‘ Ckem. Zentr., 1890, p. 840. 
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liquid boils vividly, red vapours escape, and oily drops'" of 
trinitrocresol separate. After ten minutes standing pour the 
contents of the flask into a dish already containing 40 c.c. of 
water, and rinse it with anofiier 40 c.c. water. The trinitro¬ 
cresol now solidifies, with escape of nitrous vapours. Leave all 
to cool for two hours, then squash the rliass with a pestle and 
put it on to a vacuum filter. When the liquid portion has 
passed through, wash the filter with too c.c. water, dry at 95° to 
100° and we4h, using a filter-paper of the same size as counter¬ 
poise. Such a test tak|$s about five hours, and ten to twenjty 
tests may be made at the sume time. Ten g. pure metacresol 
in this manner gives exactly 17-4 g. of the nitro-pi^"ct, and 
mixtures of all three cresols give exactly 1-74 part of the nitro- 
product for each part of w-cresol present. In the presence of 
less than 10 per cent, phenol this process is .still quite accurate, 
but when more than 10 per cent. C^H^O is present, it does not 
work. Such mixtures are, howeyer, not often found in 
commerce, and they would in any case be recognized by the 
boiling-points. Xylenols act in the same manner; in their 
presence the nitro-product does not properly solidify. 

Raschig’s process is exact up to i per cent., and as a method 
for practical working seems to fulfil all purposes, but it takes 
about five hours of work,,wherefore Ditz {Z. angew. Chein., 1900, 
p. 1050; see below) prefers the method worked out by him and 
Cedivoda (p. 805). 

A discussion on the accuracy of Raschig’s process has been 
carried on in 1908 by Eger {Chein. Zentr., 1908, i., p. 405); 
Herzog {ibid., p. 546); Raschig {ibid., p. 973); Herzog {ibid., 

р. 1214).' Cf. also Fortmar.n in Chem. Zeit. 1908, p. 118, who 
entirely approves of Raschig’s process. 

Russig and Fortmann {Z. an^geiv. Cheitr., 1901, p. 157) 
describe a similar process for estimating metacresol in mixtures 
of cresols which takes more time than the foregoing, but is 
claimed to yield more accurate results., Weigh 50 g. cresol in 
an Erlenmeyer flask. Add 150 c.c. stK^huric acid (i'84 sp. gr.), 
and allow to stand for one or two hours vvithout applying outside 
heat. For nitrating employ a tubulated .glass retort, holding i 
litre, placed on a sand-bath; connect its downward branch with 
ra'good chimney-draught, interposing a wash-bottle. Put 400 

с. c. nitric acid (i'38 sp. gr.) into the retort, heat it up to‘60° C., 



and remove the flame. Close the tubule of the retort by a 
perforated indiarubber stopper, through which passes the tube 
of a cylindrical drop-funnel. This must be wide enough to 
receive the neck of the Erleftmeyer when this is quickly 
reversed into the funnel, where it is left during the operation. 
Now allow the sulphortic acid to enter into the hot nitric acid, 
drop by drop, which should take one and a half or two hours. 
Much heat is developed, and copious nitrous vapours are given 
off. After standing for another twenty min«^s, pour the 
contents of the retort into a roomy p'^rcelai^ dish containing 
200 c.c. water, and rinse the retoft with another 200 c.c. of 
water. .Allow to stand till t+ie next day, squash the cake left 
in the dish with a porcelain spatula, and collect the trinitro- 
cresol in a hardened filter on a vacuum pump. Another 
200 c.c. water is used for rinsing the disb and the crystals. 
These are dried in a steam oven at 95° to 100° C., and 
weighed. In this way you obtain from perfectly pure OT-cresol 
I75.6 per cent, of the trinitre-product, against 1^4-0 by 
Raschig’s plan. 

Already, in 1899 (Z. angew. Chein., 1899, pp. 873, 879), Ditz 
and Cedivoda’had worked out a volumetric process for estimat- / 
ing metacresol in a mixture of the cresols. To this they drew 
attention again in 1900 {ibid., 1900^. 1050), and they defend 
it also against an attack made upon it by Russig and Fortmann 
in their just-quoted paper in 1901 {ibid., 1901, p. 160). Their 
process is based on the difference of behaviour of the isomeric 
cresols against a brominating mixture. It is claimed to give 
very accurate results in a short time, but it requires the complete 
absence of phenol and-of xylenols;»in this respect thfe process 
of Raschig or Russig has the advantage over it. TDitz and 
Cedivoda weigh off i g. Aesol, dissolve in water with a little 
caustic^soda, and dilute to 250 c.c. Of this solution they bring 
two samples of 25 c.c. each into stoppered bottles, add a 
sufficient quantity of Koppeschaar’s bromide-bromate solution, 
then 10 c.c. of hydror'iloric acid (i: i), shake exactly one 
minute, and add 20 ci.. of a 5 per cent, solution of potassium 
iodide. After stancjjng one hour, the separated iodine is 
titrated with thiosulphate, the,quantity of which corresponds to 
the bromine taken up. If you call the quantity of metacresoj 
originSlly present x, the sum of ortho- and paracresol^ a the 
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weight of cresols employed, and i that of the bromine absorbed, 
the two equations ; x-\-y=a, and 

3Br X + zBr j' 

108.08 

allow to infer the quantity of metacresol be 

__ 2.2195 a _ /'-1.4798a 

0-7397 0-7397 

The results ak.',accurate up to 0-5 per cent. 

'1 

Commercial Preparations made fr,'>in Carbolic Acid and Qresol. 

The widely extended use of carbolic acid an(> its homologues 
has led to their being produced in various forms, adapted to 
special purposes. - We shall enumerate only those actually 
manufactured on a large scale, so far as they havo'not yet 
been mentioned before. They are almost exclusively dis¬ 
infectants and preserving agents. 

On the general demands to be made from cresol preparations, 
both for medical and disinfecting purposes, Kelhofer {Chem. 
Zeit., 1907, p 1028) has laid do^vn the following rules:— 

1. They must be perfectly clear, and clearly soluble in water, 

alcohol, ether, petroleum,»oetroleum spirit, benzol, chloroform, 
and glycerin. ' 

2. They must contain at least 50 per cent, phenol and 
cresols, boiling up to 210°. This will be the case if 100 c.c., on 
being distilled in a fractionating flask, in which the thermometer 
bulb is about i c.m. below the side tube, and which is heated by 
a metal ^ath up to 210°, after adding a little common salt to 
the distillate, yield at least 45 c.a cresol. 

3. The cresol preparations serving'for medical and veterinary 
purposes must have a neutral reaction, which will be the case, 
if a sample, agitated with five times its volume of sodium 
chloride solution, and filtered, is not coloured red by adding a 
few drops of phenolphthalein solutio^ 

There are three groups of preparatiwjs made from carbolic 
acid and cresols, viz., ist, such which make the phenols soluble 
by the action of a soap; 2nd, «such where other means are 
eiri]ployed for the same purpose; 3rd, solid products for various 
disinfecting purposes, whether soluble or insoluble. 
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I. Carbolic Acid Soaps. 

Such preparations, as far as they are made from heavier 
tar distillates (creosote oil),haveA)een described in Chapter VIII., 
pp. 658 et seq., as tar-oil emulsions, going by the fancy names— 
creoline, lysol, sapocarkol, etc. They are not merely made from 
the heavier oils but also from “carbolic oil.” 

The German Imperial Board of Health Jias published the 
following prescription for 4 S per cent, solution offcrude carbolic 
5icid in soap: Dissolve 3 parts soft green soa^ in 100 parts hot 
water, and pour in 5 parts of crudei(ic?) per cent.) carbolic acid, 
with frenuent stirring. • 

Another oijicial German publication, quoted in Pharm. Zeii., 
1907, p. 939, gives the following prescription for the preparation 
of Cresolic Soap {Liquor Cresoli saponatus): Heat 60 parts 
linseed^oil on the water-bath in a roomy, loosely covered glass 
flask, and add^ with agitation, a solution of 12 parts potassiunt 
hydroxide in 30 parts water, and 6 parts spirit, of wine. 
Continue the heating until the saponification is complete, and 
now add 100 parts of cresol, boiling-point 199° to 204°. The 
liquid thus formed should be clear and of yellow-brown 
colour.—It is pointed out that this prescription allows of 
preparing a cresol soap which is not merely of equal value 
as lysol in its general properties "Taut gven superior to it in 
disinfecting power. 

Cresol Raschig (Ger. P. 87275; Z. angew. Chem., 1896, 
p. 358) is intended to obviate the drawback of lysol and 
creoline, viz., rendering the skin and instruments greasy. 
Raschig agitates 200 parts cresgl with 25 parts .of 25 per 
cent caustic-soda solution, and adds 100 parts ol(%i and 25 
water. This mixture is tSisily soluble in water,'and is prepared 
in a f^w minutes. 

Hirschsohn {FischeAs fahresber., 1893, p. 540) renders cresol 
soluble by mixing 100 parts with a solution of 50 rosin and 6 
or 8 sodium hydrate in.*!2 to 16 water. 

Hiscott (B. P. 20;.j6, 1896) mixes 50 to 100 parts commercial 
carbolic acid with Jialf its weight of melted rosin, sufficient 
concentrated caustic-soda solution, and 4 to 8 parts cotton-seed 
or cocoa-nut oil; or else J to 2 parts a-na,phthol to 100 so^uWe 
phenol. 
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Raupenstrauch (Ger. Ps. 178794 and 178795) mixes the 
ordinary alkali-cresol soap with salts of heavy metals. 

La Wall and Fullerton {Amer. Journ. of Phami., 1906, No. 4) 
recommend preparing Liquor’ Cresoli saponatus by means of 
freshly prepared potash soap. ^ 

Prescriptions for preparing cresol-soaf solution by means of 
olein are given in Pharm. Zeit., 1907, p. 500. 

Jeyes (B. P. 16427, 1885) saponifies a mixture of carbolic 
acid with coc6^-nut oil by caustic soda, and makes the product 
more soluble by'lidding 'sodium sulphate or carbonate during ' 
the fusion. The product tis sold by the name of cylline. 
Hargreaves (B. P. 18469, 1889) employs for this pijtpose ‘the 
chlorinated phenols or their salts. MacArthur (,B. P. 22332, of 
1895) prescribes mixing at 200° F. 9576 parts of 77 per 
cent, caustic potash with 250 carbolic acid or tar-oils, 255 oleic 
acid, and so much water that a liquid soap of 12 per cent, 
strength is formed ; or else the oleic acid is first saponified and 
the disinfectant and water are ^.dded afterwards, 

Cresolimentum, maide by B. Hadra, is a $0 per cent, cresol- 
soap preparation. 

Rosemann’s “Carbolic-acid soap” (B. P. 28577, 1902) is 
made from water-white crude cr'esol, with 2 per cent, formalde¬ 
hyde and 240 per cent, formaldehyde-potash soap (containing 
15 per cent. COH). It is almost devoid of smell, easily soluble, 
not strongly poisonous, and very efficient. 

According to a report made by the Royal Wiirtemberg 
Viticultural Institute on the work done in 1909, the solutions of 
cresol soap have done very good service for exterminating the 
shield-lice infesting the vines. 

CarboLc-acid Soap is generally sold as containing 10 per 
cent or even 26 per cent, of carbolic acid, but very often it 
contains much less {cf. Allen’s analyses, p. 817), and in any case 
loses some of it in the course of time by evaporation. The 
cheaper descriptions fontain mostly crespl; they can, be made 
in the cold by kneading carbolic ac?d with curd soap and 
pressing into moulds, but preferably by\4elting the soap and 
mixing it with carbolic acid in the liquid st|ite, 

, Many publications have been made in 1907 on cresoHc 
spaps, which are reported on by Fortmann in Chem. Zeit, 1907, 
p. 118, 



CARBOLIC ACID PREPARATIONS 


809 


I f. Soluble Carbolic-acid Preparations of Non-soapy Character. 

Helmers (Ger. Ps. 76133 and 80260) renders phenols soluble 
by means of the sulphonic acids^f mineral or rosin oil. 

The Chemische Fabriks-Aktien-Gesellschaft in Hamburg 
(Ger. P. 72101) founti that the syrupy solution of the sodium 
or potassium sulphonates of phenylxylylethane and its higher 
homolo'gues (remaining behind in the purification of crude 
xylol) dissolves tar-oils anti cresols, without leavij^ the solution 
liable to be decomposed by acids. # w 

Lembach and Schleicher (Ger, P.*73ir7) prepare soluble 
crystallizable, non-poisonous,disinfectants, called oxychinaseptol 
or dippht^erin ^y the action of 2 mols. ortho-oxyquinoline or 
its homologues on i mol. phenol or its homologues, i mol. 
sulphuric acid, and at least 3 mols. water. The new substance 
crystalk’z.es in fine needles or large hexagonal prisms. 

Ortho-oxyquinoline is also employed by Fritzsche (Ger. P. 
88520). Two mols. of this substance are boiled ten cr twelve 
hours in an alcoholic solution of i mol. sodium pyrosulphate 
till no further action takes place. The product, when cold, is 
separated from adhering alcohol, dried, and powdered. It is 
soluble in water, and the solutions dissolve phenols in every 
proportion; they are exempt from smell and irritating or 
poisonous properties, but strongly tthcterjcidal. This cresochin 
conta’ms 33 per cent, quinoline, and 17 per cent, cresols. 

F. yon Heyden’s Nachfolger (Ger. P. 57842) make a solution 
of 12 parts sodium salicylate, 10 cold water, and 5 cresol, which 
can be diluted at will. Naphthol behaves in the same way. 
These preparations are sold as sglveol for surgical, purposes 
and solutol for ordinary disinfection; they are easily soluble, 
of constant cempositionj> and do not render the hands, etc., 
slippery. Hammerl {Chem. Ind., 1891, p. 298) declares a \ per 
cent, solved solution to be more effective against bacteria than 
2 to 5 per,cent. carbolic-acid solution. 

Sosal (Scherges, Pbarm. Zeit., 1892, p. 489) is aluminium 
paraphenolsulphonataf crystalline,. easily soluble in water, 
glycerin, and alcohd, and more efficacious than aluminium 
acetate in the tr^itment of ulcers, etc. 

soziodols of Trommsdorf unite the action of iodoform 
with that,'nf carbolic acid in the treatment of wounds. 6n*e 
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of these is more soluble, viz., the diiodparaphenolsulphonate 
of sodium, CjHglj.OH.SO3. Na; another, the acid potassium 
salt, is less soluble. 

' Ndrdlinger’s saprol (Ger. F, 70578), a ,dark-brown liquid, 
contains 40 per cent, cresol, 40 per cent, heavy tar-oils, and 20 
per cent, petroleum hydrocarbons. It is tiQt completely soluble, 
but floats on the sewage and gradually communicates to this its 
disinfectant oropcrty. It is well spoken of by Laser (Centr. f. 
Bakteriol., 18^2) and Scheurlen {Arch, f Hyg,, 1893, p. 627), 
whilst according' lO KejVer {ibid., xviii., p. 57) the soapy dis-, 
infectants are preferable. " • 

Phenosalyl is a mixture of carb^ilic acid, salicylic acid, lactic 
acid, menthol, glycerin, and borax. r 

Microsol is a solution of cupric sulphate, containing free 
sulphuric acid and .TO per cent, cupric phenolsulphonate. 

Sanatolyse consists of carbolic acid, sulphuric acid, and 
ferrous sulphate. 

GentSch (Ger. P. 156761) firzt prepares solutions of phenols in 
benzol, chloroform, CSj, etc.; by mixing them with dry alkaline 
carbonates, hydrates, or phenolates, crystallized double com¬ 
pounds of phenol and potassiunj phenolate are obtained, thus: 

K^COs + 4 CoHj . oh = C1.H5OK. sCoHj. OH 4- KHCO3. ■ 

« t 

The double compound can be separated from the alkaline 
bicarbonate by hot benzol or alcohol; after filtering from the 
KHCOj and cooling, the solution deposits shining needles of 
that compound, fusing at 106° to 108° C. The corresponding 
paracresol .compound, C8H4(CH3)(OK). 3C5H4(CH3)(OH), fuses 
at 147° and is easily separated from the more soluble ortho- and 
meta-compounds by fractional solution. A second patent of 
the same inventor (Ger. P. 157616) pfescribes working without 
solvents. He introduces, e.g., solid caustic potash into, para¬ 
cresol and heats until all is dissolved. On cooling, the whole 
solidified to a yellow crystalline mass of ,the double oompound, 
as formulated above. \ 

The Farbenfabriken v<)rmals Bayer y have obtained 
the B. P. 9953, 1904, for this process. The compound prepared 
by them is sold by the name qf Metakalin, in the shape of 
tublets. ^ 

Kresulfol Riedtl is a very cheap and efficientHj?infecting 
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mfecture, made from i voL crude cresol and J vol. commercial 
sulphuric acid. This mixture is applied in the shape of a 3 
per cent, aqueous solution. 

{Chem. Z^ett., 1885, p. #02) employs phenol-zinc solu¬ 
tion for preserving timber from dry rot and decay. The 
solution is laid on witfc a brush, preferably after being mixed 
with magnesia. 

Albert Friedlander (Ger. P. 181288) rn&kes phenol and 
the hydroxy-derivatives of complicated hydrocarl<?)ns soluble in 
iljater by the addition of comparative!^ smalt quantities of the 
sulphonic acids of benzene and toluene. 

H. Schneider (Ger. P. 189960) prepares a dry mixture of 
anhydrous oxalic acid and cre.sol. 

Schulke & Mayr sell the «)-oxalic ester of phenol by the name 
Phenosial. ^ 

Krisipsieril is prepared, according to the Ger. P. 229143 
of the Riitgerswerke Aktien-Gesellschaft and C. Gentsch, by 
allowing a mixture of ««-cresol ^nd oxalic acid to stand in the 
cold, until the mass, which at first is semi-liquid, has solidified, 
and pressing it out very strongly. It decomposes already at 
51°. Its disinfecting action has been studied by Bierotte 
{Hyg. Rundschau, 1910, xx., p. 1041, and 1911, xxi., p. i). 

Odourless antinonnin carbolineum^is saponified ortho-dinitro- 
creso]-potassium. • 

A paper by Seel in Z. angeiv. Cliem., 1906, p, 271, treats 
generally of the part played by the numerous class of old and 
new cresol preparations. 

Obermiiller {Berl. Ber., 1907, p. 3623) has studied in detail 
the action of sulpjturie-acid on phenols. 


Carbolic-acid Powders, etc. 

Several advantages are attached to disinfectants in a solid 
state. Tkey are morq easily handled, with less inconvenience 
to the outside world b^leakages, etc.; there is also less danger 
of their being abj^d as poisons, whether accidentally or 
purposely, since tj*^ i. "e not so easily swallowed as liquids. A 
number of the Qftparations ipentioned before is already in the 
solid or ps^Gj«tate; here we treat of those where the solid ata^ie 
has b*eea j^posely aimed at for this or that purpose. 
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Macdougal's Disinfecting Powder {cf. also p. 371) is a mixtare 
of crude carbolic acid with impure calcium sulphite (made by 
passing sulphur dioxide over heated limestone). 

Calvert's Carbolic-acid Powder is a mixture of carbolic acid 
with the siliceous residue from treating china-clay with sulphuric 
acid (in the manufacture of patent alum). It should contain 
from 12 to 15 per cent, of carbolic acid; but the percentage is 
often far below tljis; it is ascertained by distilling, say, icx) g. 
in a glass retcrt. The distillate is partly oily, partly aqueous. 
The oily portion should at least be tested with caustic-sod^a 
solution (p. 786), since it gererally contains valueless indifferent 
tar-oils. The phenol contained in: the aqueous portion can be 
estimated by bromine-water. Disinfectants containing lime 
should be slightly acidified before distillation. 

Messrs C. Calvert & Co. have manufactured also a 50 per 
cent, preparation in tablets {Chem. News, xl., p. 38). 

Silvern’s Disinfecting Mass consists of lime, magnesium 
chloride,' and tar, and only indirectly belongs to this class 
(Schroeder and Berens, Dingl. polyt. /., cxxx., p. 134; t/i also 
p. 371). 

Ziurek {Dingl. polyt. /., xxx., p. 134) prepares a disinfecting 
powder by slaking icxj parts of quicklime and adding 5 parts of 
carbolic acid, intimately mixing them. Kohler (Z. angew. Chem., 
1894, p. 515) has mfide an investigation of this “technical 
carbolate of lime.” The brown colour required in the trade is 
obtained by adding the carbolic acid to the slaked lime while 
still quite hot, which favours the formation of rosolic acid. But 
this, as Kohler observed, may lead to the mass taking fire and 
burning out. , 

Heyd'enreich and Beilstein {FisckePs Jahresber., 1881, p. 976) 
as well as Pettenkofer {Cholera-Rtgulativ, M-iinchen, 1867) 
object to the application of caustic lime for the purpose in 
question. 

Carbolic-acid tablels, for deodorizing the air in water-closets, 
hospitals, etc., are made by soaking jpasteboard (Homburg, 
WagnePs Jahresber, 1880, p. 740; also Cra-^e Calvert & Co., cf. 
above), gypsum (Reyhe & Sohne, Ger. ^".^,9094), or porous 
earthenware (Kubel, Ger. P. 9520) with carboirj^acid. 

fdoltds Phenolith (Ger. P. 6498) is made by dissolving 
anhydrous boric acid in phenol or cresol, which taRtsyUp Ibout 
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4oper cent.; the mass forms a stiff paste, and can be converted 
into a powder by adding a little common salt, borax, or salt¬ 
petre. Lutze ( 11 . P. 22136, 1897) mixes in a similar way 
carbolic acid with anhydrous b*ric or arsenious acid, alumina, 
magnesia, calcined borax, alum, or phosphates, to obtain non- 
hygroscopic powders. • 

R. Rutgers (Ger. Ps. 137584 and 141421) makes preparations 
of phenols with anhydrous oxalic acid. , 

Dowson (B. P. 11908,‘1895) gelatinizes phert^ls by adding 

little beeswax, or carnauba-wax* pararfBn, Chinese or 
palm-wax. 

‘Engla^jd (B. P. 16422, 1^894) makes antiseptic manure by 
mixing antisep^c tar-products with superphosphates, if necessary 
with addition of gypsum. 

Lysopast and Phenopast are mixtures of lysol and phenol 
of the <;o«sistence of a salve or paste. 

Raetz (B. P. 27889, 1903) renders solutions of phenol, or 
cresol-soaps solid, to increase tljeir action by treating^ them at 
high pressure with aldehydes or ketones. 

Similar combinations are described in Speyer’s Ger. P. 
99570, in Renschke’s Ger. P. 157533, in Stephan’s Belg. P. 
178849. 

Investigations of the poisonous action of carbolic acid, the 
cresols, and cresol soaps have been macie by Bokorny {Chein. 
Zeit, 1906, p. 554); Jonescu {Biochem. Zeit, 1906, i., p. 399; 
Chem. Zentr., 1906, ii., p. 1510); Weil {Chein. Zentr., 1907, ii., 
p. 2070); Wandel {Zentr., 1907, i., p. 835 ; ii., p. 85); Bial {ibid., 
ii., p. 85). 


Condensation-product^ of Phenols with Formaldehyde. 

In, 1872 Baeyer showed that the phenols and aldehyde react 
upon one another {Bed. Ber., v., 1095). At that time nobody 
thought ef a technical application of this phenomenon. But 
When formaldehyde became a commercial product, obtainable 
at a moderate price^^uite a numbei* of inventors took up that 
reaction, and to^^ out patents in that direction. So did 
Kleeberg {Ann^hem., 1891^ cclxiii., p. 283); A. Smith (B..P. 
16247, of \^m', Ger. P. 112685); A. Luft (Ger. P. 1405^2^; 
Louis BIji^Jm (B. P. 12880, of 1902); Fayolle (Fr. P. 335584); 
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-Story (B. P. 8875, of 1905); De Laire (Fr. P. 361539); Baekela<n(f 
(his numerous patents are described in Chetn. Zeit., 1909, Nos. 
35 to 39, and 96); Leebach (Knoll & Co., B. P. 28009, of 1907 ; 
Z. angew. Chem., 1909, p. 158®);,T. Buser_(Ger. P. *273192); 
Matsumoto {Chem. News, cxii., p. 195), etc. 

The first class of these products, thosa prepared by Blumer 
and De Laire, is soluble in alcohol, acetone, and similar solvents, 
and in alkalis. They fuse on heating, do not hardeh when 
heated up fJifther, and are knowrt as “ shellac-surrogates," 
because their phyt'cal prbperties are’similar to those of shellac. 
The second class is principally represented by the products 
manufactured by L. H. Baekelaiid and Messrs Knoll & Co., 
and known by the designation bakelite and r^stnite, sol^l by 
the Bakelite-Gesellschaft in Berlin. These products are 
insoluble and infusible. They can be obtained directly from 
phenols and formaldehyde, but also (like bakelite and,rcsinite) 
in two or more phase.?, the first of which is a soluble and fusible 
substance which only in the following phases is turned into the 
final state of an infusible and insoluble product. This allows 
of applying them in various ways, e.g. in the state of solution as 
varnishes, enamel, or for impregnating purposes,“by casting or 
by pressing, with or without fu'rther condensation by heating 
under pressure into an insoluble and infusible state. 

These products ^.re Mery hard and resist nearly all 
chemicals; they are also very good insulators for heat' and 
electricity. They can very well replace many natural and 
artificial substances, as amber, horn, bone, ivory, resin-lac, 
shellac, amber, vulcanized indiarubber, celluloid, glass, porcelain, 
etc., and, although they do nojt possess all their advantages, they 
are free from some of their drawbacks, «.^.,'the easy inflam¬ 
mability of celluloid, the fragility of glass and porcelain, etc., etc. 

We perceive that there is a wide field for the application of 
the products obtained mainly from phenol and the cresols. 
Baekeland has been .studying the application of bjkelite in 
upwards of forty various industries. 

The. Chemische Fabrik,,Dr K. Albertji^nd Behrend (Fr. P. 
471671) produce paint-oils and oils with ^ixreased antiseptic 
prpperties by forming resinous matters from pisenols condensed 
w^t^ formaldehyde; or halogenate*d derivatives\;£ the phenols 
may also be employed, and compounds of lead, o^per* and 
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me^rcury,' and siccatives may be added, either before or after 
the condensation. The products may be used as paint-oils, 
especially for submarine purposes, and for impregnating wood. 


Analysis of Carbolic-acid Preparations. 

Two processes must be distinguished here: the estimation 
of phensl in the presence of soaps (creoline, lyspl, carbolic soap), 
and the estimation of the* efficiency of a disinfe'Aing powder. 
All other cases can be treated by one of the previously described 
«fethods, * 

Allen (^Analyst, i886, p. ^103) recommends the following 
process fo'f determining phenols m “ carbolic soap ” :—Five g. 
weight of the sample are dissolved in warm water, with addition 
of from 20 to 30 c.c. of a 10 per cent, solution of caustic soda. 
The cockled solution is then agitated with ether, and the ethereal 
layer separated and evaporated at a low temperature. The 
weight of the residue gives the amount of hydrocarbpns, etc. 
The alkaline liquid separated f?om the ether is then treated 
in a capacious separator with an excess of strong brine, which 
completely precipitates the fatty acids as sodium salts. The 
liquid is well agitated, and thcti passed through a filter. In 
cases where the soap does not readily coagulate, an addition 
of a small quantity of tallow or 'palm^oil soap, previously 
dissolved in water, will usually overcome the difficulty. The 
precipitated soap is washed twice with strong brine, the wash¬ 
ings being filtered and added to the main solution, which is 
then diluted to i litre. One hundred c.c. of this solution ( = 0-5 
g. of the sample of soap) are then placed in a globular 
separator, and acidulated with dilute sulphuric acid,.when it 
should remain perfectly cl^r. Standard bromine-water is then 
added from a burette, the stopper of the burette inserted, and 
the coiTtents of the burette shaken vigorously. More bromine- 
water is then added in the same way, until the liquid acquires 
a faint but'permanent yellow tint. If crystallized carbolic acid 
has been employed for making the soap, the bromine derivative 
is precipitated in snow-white crystalline flakes, which allow the 
faintest yellow tii^dbe to excess of bromine to be readily 
-observed. If c'^fyUc acid be ifhe chief phenol present, as in _the 
case of soap^^lnade with Calvert’s “No. S carbolic acid,” the* 
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precipitate is milky, and does not separate well from the liqyid, 
but the end of the reaction can still be observed. The addition 
of a solution containing a known amount of crystallized phenol 
is a useful device in many cas^, as the precipitate then curdles 
readily, and the yellow coloration can be easily seen. 

The bromine solution is made by njixing one measure of 
saturated bromine-water with two measures of water. This 
solution is approximately of i per cent, strength, and sliould be 
run out of a Nosely-covered Mohr’s burette [no doubt a burette 
with glass tap weuld be‘ preferable]. The last few cubic centi¬ 
metres of the solution Contained in the burette should never 
employed. The bromine-water njust be standardized immedi¬ 
ately before or after use by a solution of Calvert’s N0T2 or No. 5 
carbolic acid, according to the kind of acid the titration has 
indicated to be present in the soap. This solution is made by 
dissolving 0-5 g. of the phenol in 20 c.c. of a 10 per ceqt.rsolution 
of caustic soda, together with 5 g. of a non-carbolic soap. The 
solutioivis then precipitated with brine in the same manner as 
the sample, the filtrate diluted to i litre, and ico c.c. acidu¬ 
lated and titrated with the bromine solution used for the sample. 
The volume of bromine solution used is that requfred by 0-050 g. 
of coal-tar acid of approximately the same quality as that 
contained in the soap. 

The remaining pprtiofi'''of the liquid filtered from the pre¬ 
cipitate of soap is best used for isolating the bromo-derivatives. 
It is acidulated with dilute sulphuric acid, and bromine-water 
added in slight excess. From 5 to 10 c.c. of carbon disulphide 
is then added, the liquid well agitated, and the carbon disulphide 
tapped off into a small beaker. The aqueous liquid is agitated 
with fresli quantities of CSj (of 5 c.c. each), till it no longer acquires 
a red or yellow colour. The carbon edisulphidq. is then allowed 
to evaporate spontaneously, whereby a residue is obtained, 
consisting of the brominated derivatives of the phenols present 
in the soap. If crystallized carbolic acid of fairly good quality 
had been used for preparing the soap, (he bromo-derivative is 
obtained in fine long needles having v^y little colour; and if 
all heating has been avoided during th^evaporation of the 
CSj, the weight of the residue multiplied Be 0-281 gives a fair 
^aporoximation to the amount of“carbolic acidS^ut if a crude 
liquid article has been employed, consisting mOTidy of cresol 
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(crasylic acid), e.g., Calvert’s “ No. 5 carbolic acid,” the brotno- 
deriv^ive will be deep yellow, orange, or red, with little or no 
tendency to crystallize, and the weight will not afford even a 
rough indication of^the amoupt af coal-tar acid present. 

By testing in this way, Allen found great deviations from 
the quantities of carbolic acid stated to be present by the manu¬ 
facturers, eg., only 3-6 and 37 per cent, of phenol in “ Carbolic 
Toilet Soap, ten per cent.” 

“Creolines” are analyzed by Weyl {Berl. Ber.,\z?,g, p. 138) 
as^ follows :—10 g. are extracted with 2 Cxd cs. water, strongly 
acidulated with dilute sulphuric acjd, well agitated, extracted 
with ether, and this extract is treated with caustic-soda solution. 
The , alkaline solution is repeatedly treated with small 
quantities of ether, and the extracts are added to the principal 
portion. The total extract, containing all the hydrocarbons, is 
dehydrated by calcium chloride, filtered, cau^iotisly freed from 
ether, left for twenty-four hours over sulphuric acid, and weighed. 
The alkaline solution is acidulated, treated with ether„and the 
ether treated with sodium-carbonate solution to extract the acids. 
The soda solution is acidulated with sulphuric acid and extracted 
with ether. *' The dehydrated ethereal extract is dried over 
sulphuric acid and weighed. The ethereal extract remaining 
after taking out the acids with sodium carbonate contains the 
phenols. It is dehydrated, cautiously evaporated, left twenty- 
four Hours over sulphuric acid, and weighed. Soda is estimated 
by carbonizing about 3 g. in a platinum dish, evaporating with 
sulphuric acid, treating with ammonium carbonate, and igniting 
till the weight is constant. 

We also mention the methods described by Beckurts & Otto 
{Phartn. Zentralh.'iZZg, p. 227), Bodlander (Reichs-MetMz. Am., 
1888, Nos. 10 and 11), Pfxengei- (Arch. Pharm.,' 1890, p. 701), 
Helbing & Passmore (Pharm. Zentralh., 1892, p. 507), Engler & 
Dieckhoff (Arch. Pharm., 1892, p. 507), Reuss (Pharm. Zeit., 
1894, No, ^o), Spalteholz (Chem. Zeit., 1898, p. 58), Fresenius & 
Makin (Z. anal. Chem.’i?>g6, p. 325). 

An elaborate pap« by Ditz & Clawser (Chem. Zeit., 1898, p. 
733) describes the arearation of fatty acids and phenols, e.g. in 
lysol. They sapofrfy the whole with 10 per cent, caustic-soda 
solution, extracji^he hydrocarbons from the solution with etjier 
(afterguards ;>s^raporating the ether and drying over sulphuric 
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acid), neutralize the remaining aqueous liquid with HCl, and 
add an excess of barium chloride, as well as sufficient barium 
hydrate solution for neutralizing the cresols. The barium 
oleate is thus precipitated in the cold; it is quickly filtered, 
washed first cold, then hot, rinsed into a beaker, decom¬ 
posed by HCl, and the fatty acids weighed as usual. The 
cresols contained in the filtrate from the barium oleate might be 
extracted by ether and weighed; but more exact results are 
obtained as ‘follows:—The filtrate is acidulated, brought to a 
known volume, s.nd portions of this are titrated by Koppe- 
schaar’s bromine method (p. 799). Thus in the first instance 
the total bromine, a, is ascertained, which corresponds to all the 
phenols, which, however, absorb different quantities of bromine 
(p. 798). In order to ascertain the quantity of phenols, we 
must extract a certain portion of the acidulated solution by 
ether, evaporate the solvent, dry and weigh the residue 
This phenol residue is now dissolved in caustic soda or baryta, 
and titrated by Koppeschaar’s method; the bromine absorbed 
= If e is the original weight of lysol, the percentage of 
phenols is 

100 X 0 
i’x c 

Spalteholz {Chein. Zeit, 1909, p. 181) tests carbolic-acid 
soaps merely by an approximate estimation of their percentage 
of water, by means of titration with acetic acid until a p'erma- 
nent opacity is produced. 

Disinfecting powders are more simply analyzed by distilling 
too g. (if containing lime, after adding sulphuric acid) in a glass 
retort and separating the, oily and watery distillate. The 
former dften contains a great deal of worthless tar-oils, and 
must be at least tested with caustic^soda solution (p. 786) > the 
aqueous portion contains phenols, and must be tested by the 
bromine method. 

Further papers pn the examination of carbolic-acid dis¬ 
infectants are by Williams (/. Soc. Ch'em. Ind., 1888, p. 826), 
Muter & de Koninck {Analyst, 1887, p.- 191), Staveley 
Zeit., 1S89, p. 1126; extract,/. Soc. Chem^^nd., 1889, p. 1012), 
and Swoboda {Chein. Zeit., 1891, p. 1041). can here only 
piention these; the originals must be refeVFed to for full 
particulars. 
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•A process worked out by Clessler consists in shaking lo c.c. 
of the liquor in a graduated test-tube with 6 c.c. official hydro¬ 
chloric acid and heating in the water-bath up to the complete 
separation of the pily layer.. After cooling down to 15°, the 
volume of the latter is read off. This process has met with 
several objections. Sehmatolla {Chem. Zenir., 1904, ii., p. 1518) 
describes a similar process. He puts into a 200 c.c. cylinder 
50 c.c. dilute sulphuric acid, adds 100 g. (weigljed) pf the cresol- 
soap solution, shakes up, and allows tq settle for an hour. At 
least 73 c.c. of cresolic oil should be separated, sp, gr. at 15° at 
least 1-004 filtration, corresponding to 67 per cent, cresol 
in the oil, or 49 per cent, in the liquor. For each degree C. over 
15° C 0006 is to^Je deducted off the specific gravity. 

A prescription (1904) of the German Board of Health for 
the testing of Liquor Cresoli saponatus is this: acidulate with 
sulphuric acid, distil by means of steam, shake the distillate 
with ether, evaporate the ethereal solution, and dry the cresols 
thus obtained. This prescripticin holds good also for testing 
any other preparations containing no neutral oils, such as lysol. 
The “drying” of the cresols, as pointed out by Russig, should 
not be performed by the application of anhydrous sodium or 
potassium carbonate, since these will take up some cresol, 
as proved by the compound found ly Gentsch (p. 810) and by 
Russig in testing benzolic solutions of phenols. 

The Society of Swiss Analytical Chemists {Che/n. Zeti., 1907, 
p. 1028) demands the following prescriptions to be fulfilled by 
cresol-preparations intended for disinfecting purposes, and as 
remedies against vegetable diseases, i. They must be perfectly 
clear and soluble^in water, alcohol, ether, petroleum, benzin, 
benzol, chloroform, and glycerin. 2. They must contain at 
least 50 per cent, phenols find cresols, boiling between 187° and 
210°, as proved by distilling lOO c.c. in a 300 c.c. flask, in which 
the thermometer bulb goes dc wn 10 mm. below the side tube, 
then adding a little common salt to the distillate, when there 
must be at least 45 c.c. of cresols separated out. 3. Cresol 
preparations for mescal and veterinary purposes must have a 
neutral reaction a^nst phenolphthalein, when shaken up 
with five times ^reir bulk of^salt solution and filtering off the 
solution. x • • 

Rapp {ff.iein. Zentr., 1909, ii,, p. 2207) mixes 20 c.c. cresolic 
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soap (which must be quite free from alcohol) with 40 *.c. 
glycerin in a 200 c.c. fractionating-flask, distils half of it, not 
over 280°, into a graduated cylinder, mixes the distillate with 
the same volume of a mixture Of 2- parts conpentrated Sulphuric 
acid and i part water, and reads off the volume of the 
anhydrous cfesol. Into the flask, after cOoling, he puts 100 c.c. 
hot water, pours the whole into a graduated cylinder, adds 20 c.c. 
or more norns;al sulphuric acid, then 10 c.c. petroleum spirit, and 
reads off the volume qf the fatty acids separated. Or else 
he heats the soa^i solution with 2j to 3 g. solid paraffin and 
20 C.C. normal sulphuric acid on the water-bath, allows to cool, 
pours the liquid off from the solidified fat cake, washes tins with 
30 to SO C.C. water, heats it on a small flame uqtil all the water 
has evaporated, and weighs it—thus finding the percentage 
of fatty acids. Tlie liquid poured off from the fat cake and the 
washings are united, and the alkali contents of the cresol soap 
is found by retitrating with normal alkali and phenolphthalein. 
The wattir contained in the sy.mple is found by the difference. 
If the cresol is to be examined for neutral oils, it is separated 
from the acid by means of a tap-funnel, washed into a burette 
by 100 c.c. 9 per cent. NaOH solution, allowed io'stand over¬ 
night and read off, if necessary after adding petroleum spirit. 
The fatty acids remaining in the flask after driving off the 
water are dissolved, *with warming, in absolute alcohol, and 
titrated with NaOH solution and phenolphthalein:* By deduct¬ 
ing the alkali now found from that found at first, the excess of 
alkali in the cresolic soap is determined. 

A simple process for the estimation of soap in tar-oil and 
cresolic soaps is described by M. Duyk {Corfs gras ind., 1908, 
Na 10). Twenty g. of the substance are put into a known 
quantity of hot water, and enough cfrdinary sugar is added to 
produce a clear syrup, which is heated, with frequent stirring, in 
a beaker on the water-bath, until the liquid has separated into 
two layers, an upper, oily one and a low^r watery onp, which is 
transparent or a little muddy; this is separated from the oily 
layer by a tap-funnel and a concentrated solution of common 
salt added, whereby any soap prese?^i is quantitatively 
separated, filtered off, washed with salK solution, dried, 
dissolved in strong alcohol, and separated frcfe^it in a pure 
state. 
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Applications of Carbolic Acid and of the Cresols. 

Several such applications have been already mentioned in 
the preceding paggs. . • 

Application for Medical and Antiseptic Purposes. —Carbolic 
acid is widely, used for antiseptic purposes, but mostly in the 
crude state. For disinfecting sewers, stables (in the case of 
cattle-diseases), or even human dwellings, thp cheaper descrip¬ 
tions, which are liquid and contain ^cresol, are probably as 
\3iluable as crystallized phenol, and also fo» preserving hides, 
bones, etc., for sea transit. The prmervation of wood by pickling 
with creo.sote oil is founded, at least partially, on the same 
principle. preservation of meat in the same way has often 
been proposed, but does not appear to be practicable, owing to 
the very tenaciously retained smell and taste of carbolic acid. 
Beetroot juice can be preserved by it, as shown by Cunisset 
{Bull. Soc. Chim., 1874, xxi., p. 47) and Hulwa (Wagner’s 
Jahresber., 1875, p. 795). Maerjker (ibid., 1872, p. 826) recom¬ 
mends it for destroyfng the lactic-acid ferment in the rhanu- 
facture of alcohol. 

Kellner (Vhem. Zeit., 1884, p. 122) found that carbolic acid 
is a good remedy for the parasitic diseases of plants and 
animals; manure containing 2 per cent, of it is harmless to the 
plants, except when put on the fielcJ toge^er with the seed. 

Carbolic acid is very important for preserving skins; 
Kletzinsky (Wagner's fahresber., 1864, p. 601) showed that 
it possesses tanning properties; and Baudet (ibid., 1870, p- 
669) obtained a patent for this purpose. 

Harcke (Ger. ^Ps. *16022 and 19633) adds carbolic acid in 
the currying process to the usual mixture of alum anet salt; he 
also makes “aftificial leather” by treating fabrics first with a 
solution of glue and then with a mixed solution of alum, salt, 
and carbolic acid. Shaw (Ger P. 27270) and Beda (B. P. J6647, 

1886) proceed in the same manner. , 

Crude sodium carbolate is employed as a protection against 
dry-rot, under the napie of “ house pi>eservatory.” 

For medical pi^gses, especially for internal use, as well as 
for Lister’s antis'^ptic treatment of wounds, and for cleaning the 
instruments, K'mds, and clothes, the purest crystallized acid jp 
always preferred, both on account of its higher solubility and 
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its less unpleasant smell, which can be entirely masked by a 
little oil of geranium. 

It has been noticed in the application of the phenols for 
surgical purposes that the cresols are preferable in this 
application to carbolic acid; they seem to have even superior 
antiseptic properties, whilst acting less*- irritant to the skin. 
Hence there is not much phenol used in that way. 

Applicatiqns 0/ Carbolic acid and of the Cresols for Technical 
Purposes. —In the pure, state phenol is employed in the manu¬ 
facture of artificiai colours, especially of picric acid and corallin ; 
these are not very much us&d as colours now, but picric acid ancf 
its salts are extensively utilized it>the manufacture of explosives, 
such as “melinite” and “lyddite,” and probaJ?ly the gceater 
part of the carbolic acid produced at present finds its way into 
the explosives factories. Also some azo-colours have been 
made with it; and undoubtedly many other applica'ticfns of it 
and its homologues will follow in this direction'. But it is very 
doubtful* whether it will eve^r pay to employ phenol as a 
starting-point for preparing rosaniline, as has been proposed. 
Phenol is also the starting-point for the manufacture of salicylic 
acid, and a good deal is used for this purpose. • 

The Neue Augsburger Kattunfabrik (Ger. P. 95692) employs 
a weak solution of phenol (i: 4000 water) in calico-printing for 
removing the gum. f 

Gassmann and the Usines du Rh6ne (Ger. P. 99756) employ 
phenol and cresols for dissolving colouring-matters insoluble in 
water. 

Justin Mueller {Bull. Soc. Ind. Mulhouse, Ixxvi., p. 72) finds 
that an addition of phenol, to the colours for printing on wool 
has the 5 ame effect as chlorinating the wool. 

■ The Badische Anllin- und SodHfabrik (Ger. P. 158500) 
purify indigo by heating it with three times its weight of phenol 
to 120° to 140°, whereby a product of nearly 100 per cent, 
indigotine is obtained- » 

Biihler (Ger. P. 94467) has found that the phenols and tar- 
oils containing them, when heating thern under pressure with 
wood, dissolve the lignine and leave’ the,\2llulose in a pure 
state. For i part of wood he heats 4 parts o^f^enols or tar-oils 
containing 50 to 60 per cent, plienols to iSoNot three to five 
hours under pressure. The mass obtained, when presse'd out, 
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still contains from 25 to 30 per cent, oil which must be removed 
by appropriate solvents. 

Casselmann (Ger. P. 116913) regenerates indiarubber from 
waste rubber of all kinds. b)k heating for some time with 
carbolic acid to 120° to 170', whereby the sulphur is split off and 
the pure rubber is diseolved. When extracting the carbolic acid 
by aqueous or alcoholic solutions of alkali, a very elastic product 
is obtained, free from the unpleasant smell of ordinary rubber. 
Cf. also the Ger. P. 15491 1 of Chantard and Kessler. 

The Bakelite Ges. m. b. H. (( 5 er. 281454) prepare 

condensation products from phenqls 3 nd formaldehyde in the 
presence of bases serving, as condensing-medium, for the 
manufacture of varnishes. 

The Hiissener Gewerkschaft [Z. angew. Chem., 1889, p. 132) 
manufacture basic lining stones for converters by melting 
powdered chrome iron-ore, limestone, doloftiite, and magnesia 
with sodium phenolate, free from oils. 

Statistics. 

Reliable :statements on the total production of phenol and 
cresols we can quote only frerin Germany. According to the 
data published by the Imperial Home Office in the Nachrichten 
fiir HandelundIndustrie, 1910, No.t^ i, there was produced in the 
yeai 1908 in German tar-works looo tons crystallized carbolic 
acid, 2o8i tons cresols (so-called 90, 95, and 100 per cent, 
carbolic acid), and 581 tons crude phenols for sale. In the same 
year, as stated by Raschig, there was produced in the pure 
state about 100 tons (?-cresol, 200 tons w-cresol, and 50 tons 
/-cresol. * . 

The importation of pkenol (crude and purified) into Germany 
ranged from 5106 tons, in 1903, to 4239 tons in 1910; the 
exportation from 3102 tons to 3998 tons. Of cresol there was 
imported in 1906, 9-8 tons; in 1910, 120 tons; exported in 
1906, 316 tons; in I910, 721 tons. 



Naphthalene. 


Naphtha'.ne is always contained in coal-gas, and as it^gives 
riseTio troqblesome crystallizations in the gas-pipes, a number of 
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processes has been devised for taking it out of the gas; but this 
does not belong to our present task, no more than the recovery 
of naphthalene from natural mineral oils. 


Crude Naphthalene.^ 

Naphthalene is one of the most abundant constituents of 
coal-tar. It^ proportion is rarely below 5 per cent., and’ it may 
amount to perhaps 10 ppr cent, of.the weight of the tar. Large 
quantities of it are obtained in the crude state, by the cooling 
down of creosote and middle oil as described supra, pp. 650 
and 729; the first portions of this sometimes solidify almost 
entirely. This crude naphthalene was formerly consideied a 
nuisance, as the buyers of creosote oil objected to it, and 
there was no outlet for it. Even now sometimes part of the 
naphthalene contained in coal-tar must be utilized' as an 
admixture to creosote oil or as fuel; but there is already a 
considerable demand for it in ):he industry of artificial colours 
(for the preparation of naphthols, naphthylamine, and its 
sulphonic acids, phthalic acid, and especially for the synthesis 
of indigo), also for carburetting gas, and recently'as fuel for 
explosion-motors {piide infra). 

It is very natural under these circumstances that sometimes 
the naphthalene obtained by the cooling-down of creosote oil is 
not sufficient for supplying all that is demanded in the trade, 
and that proposals have been made for increasing the yield 
of it. 

According to Tammann (Ger. P. 95579), naphthalene and 
its homologues can be recovered from the acid-tar of refining 
petroleunf. This process can hardly be advantageously 
employed for naphthalene itself, but •may do perhaps for the 
di- and trimethyl-naphthalenes. 

Livesey and Kidd (Amer. P. 258778) propose preparing 
naphthalene by heatii^g “dead oil” in a closed boiler, aqd passing.*, 
a current of air over the surface of the liquid. The air carries 
off the naphthalene and a little oil, which are condensed in a 
chamber. The condensed mass is immediyiVtly utilized for the 
manufacture of an article suitable for carbur^ing air or gas, 
by r#!heating it and casting it in cold-water jacketed moulds, 
like candle-moulds, but wider at the top. The sticks' are 
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tal«en out of the moulds the moment they are set, and the 
oil (which floats on the surface) is wiped off before it can sink 
into the naphthalene. The oil would not separate without the 
water-jacket Thi^ process can #t the best only yield a partially 
purified sort of naphthalene. In Europe, at any rate, only such 
naphthalene is now Aleable which does not readily turn pink 
on exposure to the air; and this can only be made by more 
careful treatment, including hot-pressing, chemical washing 
and distilling. , 

Mallmann (Ger. P. appl. M256oi,jOf 1906) also proposes 
obtaining naphthalene directly from tar or tar-oil by means 
of a current of air. • 

M. Mayer ^/. Soc. Chem. Ind., 1915, p. 166) recovers 
naphthalene from pastes for the manufacture of briquettes 
(patent fuel) by drying in a current of air at ^0° to 60°. 

StroVnmenger (Z. angew. Chem., 1915, ii., 371) describes a 
naphthalene washer for coke-oven gases. 

Purification, of the Crude Naphthalene. 

The crude Naphthalene, as it jcomes out of the draining-boxes 
of the cooling-hou.se, contains still from 10 to 15 per cent, of 
the oil from which it has crystallize^d. This oil depresses the 
solidi^ing-point of the naphthalene (whi«h in the pure state of 
this hydrocarbon is 79°-6 to 79°-8) to 58“ to 60°, and imparts to 
it a certain percentage of acid oils and bases. This adhering 
oil must therefore be removed, if the naphthalene is required 
in a pure state. The following description is principally based 
on the statements pf Rispler [Joe. cit.f 

A large English factory formerly omitted this, and sub¬ 
mitted the naphthalene (foming out of the draining-boxes at 
once tg a first distillation, in which the first 10 per cent, were 
taken as crude ■' first running.-: ” and the next 70 per cent, run 
into open casks; the remaining 20 per cent, went into the dead 
oil. The casks were left standing in a cool place for a week; 
then the inner, oily portion was taken out and the outer 
portion, now nearl) Ttiee from oil, was left lying on an inclined 
place for a week, to be drained, whereupon it went to the 
chemical treatment (vide infra). But this very primitive pro-* 
ceeding is probably not in use anywhere now. 
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The first operation is in any case the removal of *the 
adhering oils in a mechanical way, which was formerly effected 
by cold hydratdic presses, or by centrifugals. The latter get out 
much more of the oil, but still* leave a few per cent, o'f it in the 
naphthalene which cannot be removed by the subsequent 
treatment with sulphuric acid and causfic-soda solution. Part 
of this oil can be got out by steaming in the centrifugals. The 
only rational proceeding is ; hydraulk pressing with application 
of heat. , 

The hot-pressing of^ the crude naphthalene is carried out,in 
various ways. The apparatus formerly used was a horizontal 
press, containing from 40 to 60 perpendicular hojlow plates, 
heated by steam. Between the plates the^ naphthalene is 
placed in camel-hair cloth. The steam is carried to the 
plates in two pipes of different width, one inside the other, 
with a stuffing-box at the junction. An iron box 'btlow the 
plates receives the oil pressed out, which is put back into the 
cooling-boxes. The preparation of the cakes for the press is 
made in two different ways. The first of these consists in 
placing the drained crude naphthalene in jute cloths, pressing 
it first in perpendicular cold presses and then putting it, with 
the cloths, into the hot press. The second way is this: casting 
the drained crude naphthalene in box, provided with a heating- 
coil, and pouring it into shallow moulds, a little smaller than 
the plates of the hot press. After cooling, the cakes are taken 
out of the moulds, placed in the cloths belonging to the hot 
press, and the press is started, applying heat to it. The edges 
of the pressed cakes, which are not exposed to the pressure, 
and still contain much oilj must be cut awjiy after taking the 
cakes out. 

The process described here yields a very'good quality of 
pressed naphthalene, but it is very troublesome, lengfjhy, and 
expensive through the great waste of pressing-cloths and the 
loss of heat connected with the open construction of the press. 
A very important improvement, therefore, was the introduction 
of perpendicular hydraulit hot presses, which did away with the 
necessity of casting cakes or preliminaiy^pressing, as well as 
with the waste of pressing-cloths. Such a press is supplied by 
(Massrs Brinck & Hiibner, of Mannheim, by the name of 
“ Ring-Press.” ft gonsjsts of a large number of iron rjng^ 
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with movable perforated bottoms, suspended between per¬ 
pendicular columns, and heatable by steam conducted to them 
and away from them by flexible metallic tubes, which are 
connected with a common inlet* and outlet-pipe. Every ring 
has in its circumference a channel in which the pressed-out 
liquid collects, and rilhs off at the bottom. The naphthalene 
coming ^from the draining-boxes is by special machinery con- i 
verted into a uniform paste, and in this state introduced into 
the press-rings. One set of these rings is always under pres¬ 
sure, while another set is getting emp]|ied a»d re-filled. Each 
operation, including filling and emptying, lasts half an hour 
and furnishes about 2 cwt. of‘pressed naphthalene, which is at 
once, ready for,^urther treatment. The pressure goes up to 
300 atmospheres, that is twice the pressure attained in the 
horizontal presses. 

In "Very large factories another style of perpendicular 
presses is employed which go by the designation “Sifting- 
presses” (in German: “Seilterpressen”), and cmisist of 
heatable steel cylinders, provided with a great many fine 
openings. There are several forms of this style of presses; 
two of these *are especially recommended, viz., those sold by 
the aforementioned firm, Brinck & Hiibner, of Mannheim, 
and those sold by Koeber’s Eisenwerk, of Harburg-Hamburg. 
These firms will supply all necessary information to intending 
purchasers. 

Other Methods for Removing the Oils from Crude Naph¬ 
thalene. —Rispler [loc. cit., No. 82) mentions a process, worked 
out by him in 1896, at a time when the new constructions of 
presses had not yet been worked-out to their present state of 
perfection and economical function. The oils contained in crude 
naphthalene were to be dbnverted into soaps, similar to creolin, 
sapoc^rbol, etc. {vide supra, p. 807), and by washing these out 
by means of water, naphthalene free from oils was to be 
obtained., This process could only pay, if the waste liquor 
could be utilized for the preparation of tar-emulsions, such as 
they were employing at that time‘for impregnating railway 
sleepers, and it does not appear to have been carried out in 
actual practice. ^ 

Paradill-Mateu (B. P. 25989, of 1903) causes a current o< ay 
or, otlier gases to act Upon the naphthalene vapour in the 
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subliming-chamber, or upon the distillate coming out of»the 
stills, which should be kept at 79°. The naphthalene is 
condensed here, while the less easily condensing vapours are 
carried away by the gaseous ctirrent. , 

Chemical Purification of the Pressed Naphthalene. —The 
naphthalene, as it comes from the hot presses, is nearly 
pure; it has already a solidifying-point nearly approaching 
that of pure naphthalene (79’-8); but it still contains a little 
foreign matter, as pro,ved by its not being perfectly white. 
For many purposes it can be used in that state, but where, it 
is required to be absoluteiy pure, it must be submitted to a 
chemical washing with concentrafiied sulphuric acid ^nd caustic- 
soda solution. ^ . 

In some places (and formerly this was the usual manner of 
proceeding) the chemical treatment begins with washing by 
means of caustic-soda solution, of any convenient* Strength. 
This is effected in closed iron vessels, heated above the fusing- 
point of “naphthalene by a stea#n-jacket or a coil, and preferably 
provided with a mechanical agitator. With very impure 
naphthalene this treatment should be repeated. In any case 
the fused naphthalene must b^ mixed up for some time with 
the liquor, and after the latter (which collects at the bottom) 
has been run off, the naphthalene should be washed with hot 
water, which will now rise to the top. 

In the case of better crude naphthalene, especially that 
distilled from carbolic-oil residues, the alkaline treatment may 
be dispensed with, and the washing begun with sulphuric acid, 
which in the concentrated state removes the residual phenols 
in the shape of sulphonic*acid.s. Vohl {J.^prakt. Chem., cii. 
p. 29) recommends sulphuric acid of 45° Baume ( = sp. gr. 1-453). 
According to my experience this is tbo weak; 'acid of at least 
1-740 sp. gr, should be employed. The strongest apid, of 
sp. gr. 1-84, is even better; but at that temperature it dissolves 
much naphthalene, so that less, thougji of a betttr kind, is 
obtained. At some works they wash first with dilute and 
then with strong sulphuric acid. On the large scale about 
5 per cent, of acid will suffice; sometimes 3 per cent, is 
sufficient. 

« 

a ffhe mixture with sulphuric acid is effected in wooden or 
iron vessels lined with lead, or best of all in cast-iron cylinders. 
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heated by indirect steam and provided with an agitator, as 
they are described in the next chapter for the chemical treat¬ 
ment of crude benzol. The sublimation of naphthalene during 
this operation is gather troublesome. Now follows washing 
several times with water and then with weak alkaline liquor, 
to remove all acid, and»finally distillation (see below). 

Rispler {loc. cii.) points out that the action of the ordinary 
agitating-apparatus is very slow, because the sulphuric acid is 
not lifted high enough, and’does not re^ch the upper layers of 
the liquid to be washed. In order to remedy this drawback, 

has aided the action of the mechanical agitator by a current 
of compressed air, introduced •below the sulphuric acid at the 
bottom of tlie vessel. But this is objectionable, since the air 
will carry awaj^a sensible quantity of naphthalene vapour. 
Rispler has also taken out a German patent (No. 86502) for a 
washing^afiparatus, which can be used both for naphthalene 
and for crude benzol, which is supposed to be more efficient 
than the ordinary apparatus descybed in the next chapter. 

To begin with, Rispler treats the naphthalene with 5 per 
cent, sulphuric acid, which has already served for washing 
naphthalene’, for twenty minutes, in order to remove any 
moisture present, as well as the pyridine bases. After allowing 
some time for settling, the acid is drawn off, and 5 or 6 per 
cent, fresh pure acid of 60” Baumd is* added and agitated with 
the fused naphthalene for half to one hour. After drawing off 
this acid (which serves the next time for the first washing) 
follows a washing with hot water (say, 4 per cent.), and after 
this a treatment with once-used caustic-soda solution of about 
20° Be.; ultimately a washing with ,2 per cent, hot water—no 
more, because otherwise the separation of the liquids,^hen at 
rest, is imperfect. The Washed, still liquid, naphthalene can 
go to the stills; but Rispler recommends putting it first into 
an inclined vessel, allowing it to rest for some time, and 
drawing o^ the last portions of water collecting after some time. 
The amount of sulphuric acid of 60° Bd. used in this process 
is 57 per cent., that of caustic soda e-47 per cent., the loss by 
washing 4-3 per cenj., all of this referring to 100 parts of 
pressed naphthalene. The purified naphthalene obtained op 
the large scale showed a sofidifying-point of 79°7, and 37'^ 
per cent, of it distilled within the limits of 2i6°'6 to 218°, The 
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final results of the purifying process, for loO parts of pressed 
naphthalene, are (according to Rispler): pure naphthalene 
89-13 per cent,, residue 4-87 per cent., loss by washing 4-30 
per cent., loss by distillationti-yo per cen^. 

Treatment for Preventing the Reddening of'Naphthalene on 
Keeping. —Before distillation, some manufacturers employ an 
oxidizing treatment in order to avoid a subsequent reddening 
of the naphthalene, (Dr Kraemer informs me that he considers 
this treatment js superfluous.) At an English works they add to 
the melted naphthalene i per cent, potassium bichromate and 
the necessary quantity of sulphuric acid, sp. gr. 1-7, agitate for 
two hours, add a little water, agitate another half-hour, allow to 
settle for two hours, and draw off the green liquid ^t the 
bottom. Following this comes the washing with sulphuric 
acid, sp. gr. 1-84, then with dilute water, and at last with 
pure water to wnich enough sulphate of soda is wadded to 
render the specific gravity sensibly greater than that of the 
fused na*phthalene. ^ 

I have {Berl. Ber., 1881, p. 1755; Chem. News, xliv., pp. 65 
and 142) succeeded in thoroughly purifying naphthalene by 
treating it with a few per cent, of “Weldon mild” (recovered 
manganese dioxide, or rather calcium manganate) and sulphuric 
acid of sp. gr. 1-7 or 1-84. Even ordinary ground manganese 
ore can be employed, for (liis purpose, by mixing 5 per cent, of 
it with melted naphthalene, adding 10 per cent, sulphuric acid, 
gradually or in two portions, and stirring for half an hour or 
an hour. 

Naphthalene from washed carbolic oil requires no alkaline 
treatment. At the present low prices, of naphthalene most 
manufaAurers employ only sulphuric acid and' very little caustic- 
soda solution. 

Special Processes for Purifying Crude Naphthalene. —G. Link 
(Ger. P. 35168) presses crude naphthalene repeatedly in 
hydraulic presses, distils it, and treats the distillate, in a cast- 
iron agitator, similar to those used for manufacturing nitro- 
benzol, with a solution of soap at about 85°. Most of the mass 
enters into solution; the mixture is run ,into wooden tanks, is 
cooled down to 50° by cold water, dehydrated in a centrifugal 
paahine, washed and distilled. *The naphthalene now passes 
over almost chemically pure, as a limpid liquid, which solidifies 
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to a large-flaked, snowy-white, crystalline mass. The impurities 
of crude naphthalene remain dissolved in the mother-liquor. 

Dehnst (Ger. P. 47364) treats naphthalene with | or i 
per cent, brimstone at 170° or 1^5°. The impurities he states 
are changed thereby into high-boiling substances, whilst the 
naphthalene is not afiipcted. 

Stenhouse and Grove {Berl. Bcr., 1^76, p. 683) heat the 
otherwi^ purified naphthalene with a small percentage of 
sulphuric acid to a temperature of 180°, distil the resulting 
black mass in a current of steam, and repeat this process till 
Ae product dissolves at 100° in qn ftxcess of concentrated 
sulphuric acid without any .^olour. This process, employed 
by them fof scientific purposes, would hardly pay on the large 
scale, and it wouiM be very troublesome to sublime the naphtha¬ 
lene mixed with acid. 

From ,Dr H. Kohler I have received the following com¬ 
munication on the manner in which he prepares technically 
pure naphthalene for the manufacture of naphtliol and 
naphthylamine. The crude naphthalene, as it is obtained 
from creosote oil, etc., is allowed to drain on a plate with fluted 
surface, htfvhtg been reduced to pieces of the size of a walnut 
or a hen’s egg, in a layer of'from 4 to 5 ft. deep. After 
this draining it is submitted to cold hydraulic pressure at 200 
atmospheres, and is then distilled* in the still for crude 
naphthalene, described infra. The distillate up to about 210° C. 
is received as “first runnings,” and kept separate from the 
main distillate, coming over between 210° and 228^ The 
latter is run into a receiver, heated by a steam-coil, and from 
this into shallow cast-iron moulds, where it very quickly forms 
cakes about 2 in.* thick. These are wrapped in sheets made 
of coarse hemp qloth and placeu in frames which give them an 
exact shape. The parcels thus formed are placed between 
perforated iron plates and built up with these in the hot press, 
where a wrought-iron grid is placed between each parcel and 
the heating-plates, so that the oil produced" on pressing can run 
away. When the press is full, its tepiperature is raised to 70° 
or 75° by means of steam, and the pump is started. Th’e 
pressure is slowly raised to 200 atmospheres; this pressure ij 
maintained for some time, untH no more oil runs off. Usu^ly 
one pressing is sufficient; but some descriptions of naphtha- 
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lene require a second pressing, as manifested by the ^oily 
appearance of the margins of the cakes. In this case the 
cakes are broken up, repacked as above described, and pressed 
over again. 

Now comes the chemical treatment. The pressed naphtha¬ 
lene is melted in an apparatus provided with a mechanical 
stirrer, and is treated'with sulphuric acid at a temperature not 
'exceeding ioo° C.; employing first about 2-5 per cent, of its 
weight of acid of sp. gr. 1-84, for the purpose of dehydration, 
and thereupon 5,*-o 7-5 per cent, by weight of acid, sp. gr. 1-70, 
the quantity varying According to the quality of the crude 
naphthalene. After running off ^.he acid, or, preferably, forcing 
the naphthalene through a heated pipe into a second washing- 
apparatus, it is repeatedly washed with hot water, as described 
above. 

The purified haphthalene, while still liquid, is fotfod into a 
still; here it is mixed with 5 per cent, of its weight of caustic- 
soda solution, sp. gr. 1-38, and after being separated from the salts 
is distilled as described lower down, observing the thermometer 
and taking samples from time to time. The first runnings 
of both distillations are worked up as previossly described. 
The last runnings from the second distillation may be worked 
up for naphthalene in bars or balls. 

< r 

Distillation of Naphthalene. 

The stills are sometimes shallow wrought-iron vessels, 
holding a ton or upwards, heated by a direct fire, but pro¬ 
tected against its first actioij by a curtain-jirch; they are provided 
with a Inanhole, a safety-valve, and a very high head (up to 
7 ft), which can be furnished with contrivances for dephlegma- 
tion, but which already acts in this direction by the cooling 
effect of the air. 

Sometimes larger stills are employed, holding from lo to 
20 tons of naphthalene, with dephlegnJiating-columns 6 to 10 
ft high, as they have been described supra, p. 752, for the 
cfistillation of middle oils. The distillation of naphthalene goes 
pn very easily and quickly, but proper arrangements must be 
m?de for avoiding trouble by th?! solidification of naphthalene 
in wrong places. 
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"^he condensation is effected by a simple iron worm similar 
to those used for tar, but the water in the tub is always 
kept at least at 8o° (for which purpose a steam-pipe must be 
provided for the coojing-tub) ; .sharp elbows and the like (where 
at the end of the operation solid naphthalene might accumulate 
and cause in the next operation a dangerous tension in the still, 
or ultimately an explosion) should be avoided. If after all a 
plug of naphthalene should choke up the worm without its 
presence being at once detected (in \vhich case it could be 
, melted by boiling water), the safety-valve wiy blow out. This 
i^a signal for instantly drawing out l;he fire ; in the worst 
case the still must be cooled from above by pouring water 
upon ^t. 

All danger o^ choking up is avoided, when distilling in a 
vacuum, by employing an air-tight receiver and exhausting 
the air by means of a pump; and 
we would greatly recommend this 
method of distilling naphthalene jfor 
other reasons as well. 

• • In lieu of an ordinary safety- 
valve (which iasily gets fixed, and 
anyhow might not act quicldy 
enough) a contrivance like that 
shown in Fig. 173 is sometimes** , 
empldyed. Upon the still is fixed a flanged pipe, a, 12 in. wide, 
covered by a metal plate, d. Hemp packing and the weight of 
i suffice for keeping the joint tight without screwing down 
the arm c. The latter is quite loose, and its only object is to 
prevent the cover b from being violgitly jerked away whenever 
it is lifted by excessive tension in the still; the citver will 
then be lifted aa far as c allows it, and will permit the vapours 
to escape. 

Watson Smith (/. Soc, Chm. Ind., 1882, p. 343) thinks it 
safer and sampler to have a small hole bored in the still-top and 
closed by a cork, which* if there is too much pressure, would be 
blown out with some force. For large stills the outlet thus 
gained for the vapou^rs would be hardly sufficient. Compare 
also what has been said respecting tar-stills, pp. 416 and 448. . 

Some manufacturers, in ofter to avoid any danger of cl\pk-^ 
ing-up* work without a worm, with an apparatus similar to that 
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shown in Fig. 174. The vapours pass through the tube a^kept 
warm by the steam-pipe b b, into the wrought-iron cylinder d. 
Opposite a, running in the same slanting direction, is a pipe c, 
through which the steam-pipe b comes out. Thus a is prevented 
from being choked up, and c also serves fov an occasional 
cleaning-out. The cylinder d is placed up to two-thirds 
of its height in a wider cylinder, f. If the cooling effected 
by the outer air is not sufficient, water is run upon d, which 
collects in the outer cylinder and runs away. But the tempera¬ 
ture in d is kep*- high enough for the naphthalene to remain 
liquid and to run out through the pipe c. It is collected- in 

shallow iron dishes, where it 
solidifies into cakes, which are 
either broken' up and packed 
at once, or again subjected to 
hydraulic pressure. . 

. In distilling, first of all a 
little water and light oil appears. 
When the thermometer (in the 
vapour) has risen to 210°, the 
receiver is changed and pure 
naphthalene collected up to 
about 230°. Then either the 
still is stopped and the residue 
run to the creosote oil, or the 
distillation is continued into an¬ 
other receiver, and the impure 
naphthalene collecting there is again purified. Apart from the 
danger of choking-up, the distillation is easy and quick. 

Whbn redistilling the washed naphthalene, there is a small 
quantity of aqueous first runnings. - After this follow 80 per. 
cent, of pure naphthalene, which can be directly run into casks 
lined with sized paper and allowed to solidify. The distillation 
is continued so long as a sample, solidified on a watch-glass 
and covered with pure sulphuric acid (1-84), does not stain this 
yellow and dissolves therein on heating with at most a faint 
brown colour. As the by-products a;:e always worked up 
again, the yield of pure naphthalene is about 70 per cent 
I ^Distilled pure naphthalene is mostly employed for the manu¬ 
facture of naphthols, naphthylamine, phthalic acid, etc. For 
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medical purposes and as an insecticide (against moths, etc.), it 
is preferable used in the shape of scales or powder. This can 
be produced either by recrystallizing pure distilled naphthalene 
or by sublimation (see below).* 


Recrystallization of Naphthalene. 

This operation is nowadays but rarely carried out, only in 
such cases where the naphthalene is required in dense, foliated 
cr’Wts for special purposes, mostly for preparing certain sub¬ 
stances in a pure form. The solvent employed is usually* 
petroleum spirit. It is done in enamelled iron vessels provided 
with reflux coolerj and heated by steam. The solution is either 
allowed to cool directly in these vessels, or else in other vessels 
provided at the bottom with a tap for drawing off the mother- 
liquor. The crystals are centrifugalled and dried in the air. 
The coarser the crystals, the more are they favoured in trade; 
they are also more easily freed frdm solvent. 

At some places amylic alcohol is used for recrystalHzing 
naphthalene,- in which case hardly any solvent is lost by 
volatilization. 

Moulding of Naphthalene into Stitts, Globes, Powder, etc. 

The distilled naphthalene is always run out of the condenser 
in a liquid form, and is usually run upon a large metal plate or 
shallow pan, where it solidifies, and is then broken up into 
small pieces, and sometimes ground into powder which is 
sent out in bags holdihg 2,cwt. each. Special smaller moulds 
are occasionally employed. The naphthalene . required for 
the albo-carbon Tight (see lielow) is cast into sticks, like those 
of refined sulphur (“ brimstone in rolls ”). This is done by 
means of hardwood moulds, willi a little taper to facilitate the 
getting out) or by a moulding-machine such as is used at 
candle-works. A special machine for this purpose is that of 
Neujean (Ger. P. 36708). * • 

The conversion of fiure naphthalene into powder is effected 
by the Riitgerswerke - Aktieg - Gesellschaft (Ger. P. appl.* 
R288o2jOf 1910) by blowing fused naphthalene at a temperatlfre • 
not much ,^bove its fusing-point by means of air compressed 
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to 3 to 6 atmospheres through tuyeres into a chamber, 
the temperature of which is kept at about 30°, where the 
naphthalene collects in the shape of fine dust or coarser powder, 
the size of which is regulated by the amount of air-pressure 
and the tuyeres, and which is quite uniform. 

Where large quantities of pure naphthalene are made, the 
vapours arising from the liquid naphthalene in the moulds, 
previous to its solidification, may cause an appreciable nuisance. 
This is prevented by providing the pan, serving as a mould, 
with a hydraulic lute, a,nd fitting it with a cover suspended frnm 
,a crane, so that it can be' removed after the naphthalene has 
cooled down, in order to clear" the mould. Thjs apparatus 
resembles the oxide-of-iron purifiers of gas-works. 

Naphthalene in the Shape of Rods {like Candles') or Globes is 
required for various purposes, such as the disinfection of the 
basins in public water-closets, for the destruction of moths, etc., 
and is manufactured in considerable quantities. Formerly this 
was dohe by casting the naphthalene in the well-known, 
complicated and expensive moulds made of bronze or tin. 
Nowadays the naphthalene rods are still cast in moulds like 
those used for the manufacture of stearine or paraffin candles. 
The globes, however, are always made in presses, containing 
a matrix with six holej^and twelve dies, with semi-globular 
holes. Six of these are movable in the matrix; the other six 
are fixed on two eccentric rings. Ground naphthalene is 
continuously supplied to the holes by a funnel; the upper dies 
on going down mould it into globes, which are pushed out by 
the lower dies. The press, with 55 revolutions of the driving 
pulley,turns out 15 sets of 6 globes each,per minute,that is 
90 globes, weighing 3*5 g. each, or in ten hours’ day-work 
54,000 globes. One man can attend ‘to one mil} and two presses. 
They are sold by Diihring’s Patentmaschinen-Gesell^chaft in 
Berlia 


Sublimation of Naphthalene. 

. The subliming of naphthalene does not require a distilled 
article to start with; irsuffices to employ the naphthalqpe after 
treating it with sulphuric acid ^nd alkali, or the second quality 
of 'the distilled product The Subliming can be dope on a 
moderate scale in the apparatus. Fig. 1,75 (taken frqm Wurtz). 
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a is^a pan for melting the naphthalene, heated by the fire on 
the grate b-, c is the snore-hole; d d are flues. The pan is 
covered by a tub, /, suspended by chains from a small crane, e ; 



Fig. 175. 


in its top there is a small air-vent. Xhe naphthalene sublimes 
into the tub, forms crusts on the sides, and is knocked out at 
the end, after moving the tub sideways. The fire should ngt 
be strong enough to cause tht naphthalene to melt in the^ub 
and ruTi back into the pan. 
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The apparatus, Fig. 176, is intended for a larger scale of 
working, rr is a shallow iron pan, say 10 ft. x 7 ft- x 3 ft. 
deep. The steam-coil b on its bottom serves for heating. The 
pan is covered by the slanting wooden roof f, whose lower part 
can be turned back into the position shown"by,the dotted lines. 
To this is attached a wooden chamber, d, say 16 x 10 x 5 ft, 
with a working door,' e, and a flap on the top, serving as safety- 
valve. The heat of the “ dry” steam in the coil'i siiffices for 
subliming the naphthalene; it shohld not go so far as to give 
rise to distillatiop. The naphthalene collecting in d is taken 
out at intervals of a few .days. 



Fig. 176. 


Sometimes steam blown into the mass (“ wet steam ”) is 
preferred to dry steam. In this case there should be a com¬ 
partment between the pjin and the .subliming-chamber, in 
which rtie condensed steam-water and a little melted naphtha¬ 
lene may collect. < . 

The following apparatus for subliming naphthalene is 
described by Hirsch {Chem. Zeit., 1884, p. 839);—Chamber A 
(Fig. 177) is made of 12-in. brickwork, standing isolated, 16 ft. 
long, 10 ft. wide, and 10 ft. high. On' the brickwork rests a 
light roof frame, covered, with roofing-felt. B is a wrought- 
iftm pan, 10 ft. long, 3 ft. 3 in. wide, 19 in. deep, set over the 
curtain-arch C in such way that the fire-gases from the hearth' 
D f rst travel towards the back,‘chen rise in the flues E round 
'pan B and then escape in the chimney, which need project only 
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3 ft, over the roof. In the flue E there is a damper for 
regulating the draught. F is a wooden charging-door, covered 
with sheet-iron on both sides, turning round the hinge G; 
during the sublima,tion this doo» is luted with clay. H H are 
two wood covens, covered with sheet-iron, loosely lying on iron 
stays fixed on the side walls; they act as dephlegmators, 
condensing the heavy oils whose vapours *are carried along by 
' the naphthalene vapours. J is an iron-covered door, luted with 
clay, for taking out the sublimed naphthalene. L is an iron 
air-pipe, 3 in. wide, projecting inside 4 in.^nd 18 in. above 
ti/c roof; it carries the dish M, in whicTi is collected the water 
condensing in L. • 

Spme manufacturers state that it is better to mix the 



Fig. 177. 

naphthalene with sand before subliming; but this seems quite 
unnecessary. . . 

It has also been attempted to effect the sublimation by 
blowing in hot air by means of a fan-blast; but this has been 
discontinued. Ordinary air easily produces a fire; and a 
previous removal of the oxygc.i by passing the air through a 
coal-fire is,too expensive. Moreover, the condensation is more 
difificult than when the'heating is producecf by indirect steam. 

Rispler (loc. at,) objects to all .the plants for subliming 
naphthalene, published up to that time, that the work milst 
be interrupted in orSer to clear out the chambers, which is, a 
very di.sagreeable task for the men, and causes both lo^ of 
naphtflalene and of heat. Moreover, it has the disadvantage 
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that the sublimate is not of uniform grain; that which is fosmed 
first, when the chambers are cool, is a much finer powder than 
the coarser stuff condensing later on (which is preferred by 
the buyers). To avoid thesd drawbacks, ,he has designed a 
continuously working plant, consisting of 'two horizontal 
cylinders, like steam-boilers, fired from below, and a subliming- 
chamber, made of wood, and placed so as not to be iri, contact 
with any brickwork. The bottom o( this chamber is formed by 
several funnels, open at the bottom and closed by jute bagging. 
Nearly all the srblim^te collects in these funnels, which jre 
pmptied from time to time, without interrupting the w(Jrk. 
The sublimate adhering to the sides and the„top of the 
chambers need only be removed once per annum. Sach a 
chamber of 12,000 cub. ft. capacity turnedfout 10 tons per 
month. 

Examination of and for Naphthalene. 

The 'properties of pure naphthalene have been described 
supra, p. 243. Commercial naphthalene is now required to be 
as nearly as possible chemically pure, It should haye a pure, 
white colour, volatilize withoqt any residue, fule at 79°-6 to 
79°-8, and boil at 217° to 218°, under a pressure of 760 mm. 
It should be free from ^any oily admixture, and soluble in 
petroleum spirit perfectly clearly, without leaving any residue. 

According to present usage, the fusing-point of pure 
naphthalene is its point of solidification, determined by the 
method of Shukoff(C/^m. Zeit., 1901, p. iiii). That method 
is extremely accurate; the differences between the results 
obtained by various observers amount hardly, to o°-1. Shukoff’s 
apparatus consists of a double-walled glass vessel, the space 
between the two walls being evacuated, and'a thermometer, 
divided into tenths of a degree C., put into the vessel by means 
of a cork. The vessel is filled with fused naphthalene, heated 
only a few degrees above its fusing-point, and the thermometer 
is put in. The thermometer is at once covered by a layer of 
solidified naphthalene; the point at which its bulb turns shiny 
again is considered as the nearly correct fusing-point. 

, According to the prescriptions of the Union of German 
^Producers of Tar Products, 150 to 175 g. of the average sample 
are liquefied in a porcelain beaker, holding 200 c.c., on the 
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wat^r-bath; while stirring with a copper wire bent in the form 
of a circle, the solidifying-point is read off on a thermometer, 
which indicates the temperatures between 6o° and 90°, and 
which dips into the fused mass above the mark for 65°, in the 
just described Way. 

The examination "for oil is carried out by exposing 50 g. 
naphthalene, wrapped up in several folds of thin filtering paper, 
and forming a parcel 10 ^cm. long and 7 cm. broad, with an 
•outer cover of packing paper, at the ordinary temperature to 
a, pressure of 150 atmospheres during t»n minutes. The 
Jistphthalene is thereby converted into a hard cake, and any oil 
present is indicated by grease spots appearing on the filtering 
papar. Good naphthalene gives no or only very slight grease 
spots, which pa^s at most through one or two layers of the 
filtering paper. The naphthalene is bad if the oil spots are 
visible'e^en on the outer wrapping paper. ' 

The sulphuric-acid test is carried out as follows: 10 g. 
naphthalene is heated with 4 g. pure, concentrated 'sulphuric 
acid on the water-bath up to complete solution. The solution 
ought to_ be clear, and to possess a slight pink colour, which on 
heating to i8b° ought to be changed at most into a light brown 
tint. Other lo g. of naphthalene is dissolved in 22 c.c. pure 
concentrated sulphuric acid on the water-bath, furnishing a 
solution like that just described. 'Mn gjof this is diluted with 
25 c.c. of water and cooled down to 15°; by gradually adding to 
it further 25 ac. of water, neither a muddy appearance nor a 
precipitate ought to be produced. 

A test for constancy of colour, that is for the absence of a 
yellow or red cploration when keeping the naphthalene on 
stock for some time, is sometimes made by the nitrid-acid test. 
This is carried nut by podring pure, not fuming, nitric acid on the 
bottogi of a desiccator and placing the naphthalene in a watch- 
glass above it, covering up the whole as usual. If the sample 
remains white for half an hour it is good, and if for two hours it 
is excellent. Inferior descriptions soon turn pink. After some 
hours all samples turn yellow, probably owing to the formation 
of nitronaphthalene.. 

The presence of phenols in naphthalene is discovered „by 
boiling the sample with a dilute solution of caustic soda, coQlin|, 
filterfng, and adding to the filtrate bromine-water and hydro- 
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chloric acid; any phenols present will now be precipitated as 
brominated compounds {vide supra, p. 798 et seq.). 

Quinoline bases are discovered by dissolving the samples in 
concentrated sulphuric acid, pnurjng the solution into water, 
filtering, making the filtrate alkaline, and distilling, when the 
quinoline bases will pass over with theiaqueous vapour, and 
will be recognized by their peculiar smell. 

Haussermann (private communication to the author) points 
out that even a most thorough washing with acid and alkali 
does not free the ^paphthalene from certain other hydrocarbons 
which do not affect either ithe boiling-point or the other ouSjC 
ward properties of naphthalene, tbut which make themselves 
felt in the subsequent manufacture of naphthylamin^, naph,thol, 
etc. These impurities are said to be removablp only by certain 
solvents; but it would appear as if the hot-pressing of the 
naphthalene crystefls, as it is now pursued at most works, equally 
tends to remove them. 

Qualitative Test for Naphthalene. —In order to prove the 
presence of naphthalene, Vohl'treats the substance in question 
with fuming nitric acid, adds a large quantity of water, washes 
the precipitated nitro-compound, and puts it imto a "boiling 
mixture of i part potassiuni monosulphide and i part 
caustic potash; traces of naphthalene yield a beautiful purple 
solution. , * * 

The quantitative estimation of naphthalene in commercial 
articles is nearly always based on its subliming property. 
Sometimes the acidimetric estimation described by Kiister 
{Berl. Ber., 1894, p. iioi) may be useful. It is based on the 
property of naphthalene tq form an insoluble compound in 
moleculaf proportions with saturated solution of picric acid. 
The sample is placed in a small, stsong flask, together with 
saturated picric-acid solution which fills it nearly to the neck. 
It is fitted with an indiarubber cork, through which passes a 
7 cm. wide glass tube, closed at the bottom, but witji a small 
lateral hole about i| cm. above the bottom. At first the tube 
is pushed down until the hole is free; the flask is evacuated by 
an‘air-pump, and the tube is then pulled ^up until the lateral 
ho^e is well within the cork. The flask is now heated on 
the ^ater-bath until the reaction Is complete; no naphthalene 
dim escape during this time. After cooling overnight, the* tube 
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is lowered to admit the air; the contents are filtered, and the 
picric acid in .excess is titrated with barium hydrate, using 
lacmoid as indicator. This process would also indicate 
acenaphthene, chrysene, and bcjth naphthols, but not phenan- 
threne; it is, therefore only applicable where the former 
substances are absent. 

The following special rules should bfe observed in this test. 
A picrit-acid solution, saturated at the ordinary temperature, is 
about one-twentieth norntal; a considerable excess of it must 
be employed, to ensure the quantitative formation of the 
fxjolecular compound with naphthalene. The flask must be 
made of sufficiently strong gljss to allow of its being evacuated ' 
from air without any danger of breakage. If the apparatus is 
properly constricted, the flask keeps for several days air-tight, 
so that it can be heated on the water-bath without producing 
any plvsjpressure within. . 

The estimation of naphthalene in coal-gas is performed by 
Colman and Smith (/. Soc. Chem. bid., 1900, p. 128) 1 ^ passing 
the gas through a dilute picrit-acid solution, separating the 
naphthalene picrate and weighing it, or titrating the excess 
of picric•aci(J by N\\o soda solution. Dickenson-Gair {ibid., 
1905, p. 1279) uses a similar lAethod, but employs first dilute 
acetic acid, before the picric acid, of which a large excess must 
be taken. An improvement on this method, permitting the 
estiihation by titration, is described by the same author later on 
{ibid., 1907, p. 1263). 

Fronsac i^Rcv. chim. pure et appL, xvii., p. 4) also estimates 
the naphthalene in coal-gas by means of picric acid, measuring 
the picrate of naphthalene in a graduated tube. 

White and Bail (/. Gas Lighting, Ixxxviii., pp. 262iand 323), 
estimate naphthalene by picric acid,like the authors quoted above. 
To estimate its percentage in tar, they drive it out of this by a 
curreiTt of air at a temperature of 70° to 80° C. and pass the 
gases through two U-tubes, the first of which, also kept at 
70° to 8o‘’, is charged tvith CaO, glass wool, and PjOj, and serves 
for drying the gases. The second U-tube is placed in ice-cold 
water and serves for retaining and afterwards weighing <he 
naphthalene. * 

Further papers on the picric-acid method for estimating 
naphrtialene have been published by Jorrissen and Rutten (/. Sot. 
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Chem. Ind., 1909, p. 1179); Wien (/. Gasbeleucht., 1911,9. 891); 
Albrecht and Muller {ibid., 1911, pp. 592 and 594). 

The estimation of naphthalene in the “ spent oxide ” of gas¬ 
works is performed by W. C. JDavis (/. Soc. Chem. Ind, 1914, 
xxxiii., p. 1120) by precipitating it with picric acid, and 
retitrating the excess of picric acid by uaustic soda. 

The estimation of naphthalene in the anthracene oil 
employed for taking out the small quantities of naphthalene 
contained in purified coal-gas, and sold by the name of “ Ropert- 
Oel,” is described ,in detail by Th. Hahn in the J. Gasbeleucht., 
1911,9.1249. 


Applications of Naphthalene. 

The naphthalene occurring in large quarlities in Co»,-co. 
(usually from 5 to 10 per cent., sometimes perhaps in excess of 
that') was formerly one of the least welcome of its constituents. 
It generally accumulated in the creosote oil and caused incon¬ 
venience 'by crystallizing there; sometimes it led to the rejection 
of creosote oil for pickling timber (pp. 694 and 697). In such 
cases nothing remained but to work it into the pitch, or burn it 
for soot {cf. infrh, Genthe’s Get-man patent. No. 157542), or to 
employ it as fuel, mixed with coal. Even now crude naphthalene 
is sometimes employed as fuel in the melted state, for instance 
for heating the tar-stills. In that case the liquid naphthalene 
is injected into the fireplace by means of a steam-jet similarly 
to tar or tar-oils (pp. 324 et seqi). 

The applications of naphthalene for the manufacture of 
artificial colours were formerly very few, in spite of a great many 
efforts in this direction; dinitronaphthol (Manchester yellow) 
and naphthalene red (Magdala red) were for a long time the 
only colours made from naphthalene. When the series of 
phthalein colours (eosin, etc.) was discovered, in 1876, a demand 
for phthalic acid sprang up, for which naphthalene is the 
starting-point. But far more important i,n this respect was the 

* Exceptionally coal-tar is /ound containing hardly any naphthalene., 
Sudi has been the case with the Manchester Corporation Gas-works tar in 
1873 and 1S74, according to Watson Smith, he found naphthalene in 
cadnel-coal tar, along with paraffin. On the other hand, Crace« Calvert 
|tatetthe percentage of Newcastle tar=s8 per cent, naphthalene, which is 
simply absurd. 
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dlscpvery of the long series of azo-colours, nearly all of which 
Jiave come out since 1873, For most of these naphthols, especially 
/8Ci(|Hj(OH), are required, and for the preparation of these the 
purest naphthalene is demanded. Recently the manufacture 
of artificial indigo has been added to the above applications 
of naphthalene. * 

One^of the most important uses of naphthalene was for some 
time that for carburettin^ gas. This has been frequently 
proposed, by Bowditch (B. P. 2937, i862) ; but the principal 
in^petus to this industry was given by the indentions of Livesey 
aild Kidd, afterwards associated with H. Vale, of Hamburg 
(Ger. Ps. 2075, 8644, 9840, >9012, 32255). Their apparatus, 
called the “ albo-carbon light" has been attracting much attention. 
It is principally ^apted for small flames, and is stated to save 
more than half the gas consumed for the same illuminating 
power fti the best argand burners ; so that it is very economical, 
in spite of the cost of the naphthalene. It is a drawback that, 
if the apparatus is allowed to get too hot, there is too much 
volatilization of naphthalene and the flame burns smoky; if it 
were still^further neglected, the naphthalene would boil and the 
apparatus wcAld burst. , 

In experiments made by Mr John Pattinson {Trans. 
Newcastle Chem. Soc., 1882, v., p. 135) 1000 cub. ft. of gas 
along with 4-63 lbs. of naphthalene, consutued in the albo-carbon 
lamp, yielded as much light as 2700 cub. ft. of gas, burned in 
fairly good flat-flame burners, or 17S0 cub. ft. of gas in argand 
burners of good construction. 

Elster (as mentioned in Schultz, Steinkohlentheer, 2nd ed., i., 
p. 199) found th^t I cbm. of Berlin gas, carburetted with 53 g. 
naphthalene, yielded 20-candle power, the hourly con*sumption 
per flame being about i( 3 o litres and 5 g. naphthalene. Street- 
lamps, consumed from no to 117 litres of gas along with 
5 g. naphthalene, and yielded the light of 16 or 17 candles. 
On an a^4erage the albo-carbon light sav,ed 50 per cent, in gas, 
and 30 per cent, in total cost. The best effect was produced 
with small burners. The specific gravity of the gas was raised 
from 0-38 to o-6o by.the carburetting process. 

Fig. 178 shows the most u.«ual form of albo-carbon lamp. 
The copper ball a is fixed oiTthe socket c by means of a stem, 
b, the joint being made merely by true boring-out of c and 
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turning a is closed by a screw-cap, d, which serves, for 
charging the naphthalene. The gas enters the ball through r, 
b, and e, and the burner i through / h. 



Fig. 178. 


Above i is fixed the copper disk k, which is shown from 
above in Fig. 179. It will be noticed that by moving the 
slide I /, which revolves round a pivot in the centre, the disk k, 
cut out to correspond with / /, is either closed or opened. .. 

The burning gas from i heats k, which transfers its heat to a, 
and heats the naphthalene contained therein a little-above its 
melting-point, say to 80° or 90°. In consequence of this the 
gas^ passing through a is ‘ charged with naphthalene vapour, 
which greatly increases its illuminating power. If too much 
vapour is carried along and the flame begins to smoke, the 
s^ide"// is moved as in I^ig. 179, whereby the heating of a is 

greatly diminished. 

( 
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Jn spite of the advantages justly claimed, according to all 
appearance, for the albo-carbon light, the progress which it has 
hitherto made, although not inconsiderable (at one of the 
largest E'nglish tar-works the author was informed that in 1886 
they made 409 tons of naphthalene sticks per annum for this 
object), is yet far from^being so universal as might be expected ; 
and it has even been abolished again in some cases where it 
had been introduced. This seems to be mostly owing to the 
trouble caused by the lighting of the gas. At the commence¬ 
ment, before the naphthalene has become Ijeated, the light is 
inconveniently small, and some patience is necessary. On the 
'other hand, if the apparatus is allowed to get too hot for one 
mon^ent, the whole room is for a long time filled with the 
extremely pung^t smell of naphthalene vapour. Of course 
this can be prevented by careful attention, but such is only too 
often wartting in the case of the domestics 
to whom the light must be trusted. 

The principle of carburettin^ gas by 
means of naphthalene is evidently most 
excellent for enriching very poor gas, such 
as is obtamety by abstracting the benzol 
from gas by one of the processes men¬ 
tioned on pp, 64 et seq. Davis {J. Soc. 

Chem. Ind., i886, p. 5) mentions fh*at s«ch gas, from which 
4 gafl, of benzol had been extracted per 10,000 cub. ft., and 
which only possessed 9-candle power, was easily brought up 
to twenty candles by employing the albo-carbon light; whilst 
the consumption of gas for lighting a room 10 ft. square was 
brought down from 23 to about 3^ cub. ft. per hour. This 
process would also be adapted for making good illurninating- 
gas from the residual cok8-oven gases (p. 158). 

A new albo-carbon lamp has been constructed by Kitson & 
Co. {Dingl. polyt. J cclxvii,, p. 34). 

Philip'^ Carbo-Oxygen Gas (Wagner’s Jahresber., 1870, p. 
728) is produced by the combustion of naphthalene, dissolved 
in petroleum, in a current of oxygen. A lamp suitable 
for this purpose h^ been described by Carl {ibid., 1872, 
p. 856); but this process seems to be too troublesome and 
expensive. ” , 

J. W. Sutton (B. P. 4747, 1883) has constructed a somewhat' 
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similar apparatus; so also have W. G. Little (B. P, 17108, 
1885); and H. J. Siebel, jun. (B. P. 2752, 1887). 

Hempel (B. P. 6463, 1899) carburates spirit of wine by 
dissolving naphthalene in it. The light given out on burning 
this mixture is very strong and white. 

Use of Naphthalene for driving Gas motors ,—Chenier and 
Lion (Ger. P. 144942) employ the vapours of naphthalene and 
other solid hydrocarbons for heating, lighting, and motor 
engines. The naphthalene serving for driving motor-engines 
is employed in the^shape of balls [vide supra, p. 836), which are 
liquefied, and the liqutd Js supplied to the apparatus ,for 
converting it into vapour or spr|y by means of an apparatus* 
constructed for this special case. The motor is, ju.st as in the 
case of any other heavy hydrocarbons, starte^ with petroleum 
spirit; as soon as the change has been made for driving it by 
naphthalene, care* must be taken that the cylinder is oply 
moderately cooled. Some trouble may be caused by 
naphthahne solidifying in the pipe leading to the injector, and 
in the injector itself, during the stoppage of the motor-car, 
which necessitates liquefying the naphthalene before restarting; 
but this drawback is compensated by the low price and the 
absence of badly smelling outiet-gases. In comparative trials 
made during three days in Paris, the amount required for 
driving the motor-ca^s with naphthalene in ball* (bought at the 
price of 20 francs pet lOO kg.) was only 6 kg.<per kilometer, and 
the cost 2 cent, per kilometer, against 147 litres of petroleum spirit 
(cost 8 cent.), or 14-8 litres of ordinary petroleum (cost 4 cent.), or 
127 litres of slate-oil (cost 4 cent.). Quite as good results were 
obtained by the Hutton ,Co., Ltd., which has acquired the 
patent fights of Chenier and Lion for Great Britain. They 
found the best proportion to be used <= i naphthalene vapour to 
13 air. The experiments made with a stationary 12 h.p. 
engine, with icoo revolutions per minute, showed the cost of 
driving this engine for an hour with petroleum spirit = is. 2jd., 
with paraffin oil = 9d., with naphthalene balls = pd. The 
naphthalene may be used for this purpose in the crude or the 
partially purified state. It is also yery suitable for driving 
n)otor-boats, according to the Hutton Company. 

,The Gasmotorenfabrik Deiltz (Ger. P. 199205) applies 
naphthalene of the ordinary commercial quality for driving 
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Ottowgas-motors, with the assistance of a water-bath for fusing 
it The consumption is from 260 to 320 g. per h.p, hour, and 
the blowing-off gases are practically free from soot. Since 
. technical naphthalane is an almbst chemically pure substance, 
there are no rtfsin-producing constituents which would cause 
obstructions in the vJlves and the piston {Z, angew. Chein., 
1907, P..1264). 

The Riitgerswerke (B. ,P. 7594, of 1908 ; Ger. P. 208380) 
employ for gas-motors a solution of naphthalene in one of the 
ordinary liquid fuels (say benzol), prepjired by the aid of the 
wiffte heat of the motor, followed by'pure fused naphthalene. , 

Richard ^Miiller {Techn. F^undschau, 1910, p. 366) reports 
that the use of naphthalene has been proved to be very 
successful for driving explosion motors, and very cheap at a 
price of 80 mark per ton. Further communications on this 
subject htpve been made by Irinyi {Stahl u. ^isen, 1914, xxxiv., 
p. 143s; Z. angew. Ghent., 1915, ii., p. 7); and Bruhn {Stahl u. 
Eisen, 1914, p. 1691, and in/. Gasbfleucht., 1915, pp. 581 and 714). 
• Use of Naphthalene as Disinfectant and Insect-killer .— 
Naphthalene is frequently employed for keeping out vermin {e.g., 
moths) and irf’stuffing animal-.s^ins'; Pelouze' recommends it 
for disinfecting purposes generally, Fiirbringer® especially for 
water-closets and sick rooms in lieu of carbolic powders. A 
speciaj investigation of the antiseptic powers of naphthalene 
has been made by Ernst Fischer.^ It stops the development 
of mould and kills the fungi in a very short time, as Penicillium, 
Mueor, Phycoinyces, Oidium lactis, the fungus of yeast, the 
different schizomycetes, etc. Lower animals are driven away 
or killed ; naphthalene therefore senves as a preventive against 
moths, Phylloxera, the insects destroying collections of^ beetles 
and butterflies, and any 8tber vermin. Against itch a salve, 
consistijig of equal parts of naphthalene and vaselin, does good 
service. Naphthalene is excellent for dressing wounds; it suits 
this purpose quite as well as, or better tljan, carbolic acid or 
iodoform, and it is not poisonous like these. It seems therefore 
called upon to play an important paft in medicine and in the 
household. Furs and *voollen clothing, preserved against motts 

Bull. Soc. Chim., i8i6, p. 351; i868, p. 258. 

Berliner kliniscki. Wochenschrift, 1882, No. 10. 

’ Schultz, Steinkohlentheer, 2nd ed., i., p. 109. 
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during the summer months by means of naphthalene p^per, 
pertinaciously retain the penetrating smell of naphthalene, and’ 
require long airing before they are fit to be worn. 

Salubrin {Chem. Zeit., 1902, p. 850) is naphthalene, scented . 
with a little nitrobenzol, to be used as a disinfectant. 

Planner (B. P. 26983, 1898) fuses na‘f)hthalene or othe"r tar 
hydrocarbons with camphor (equal parts), adds a disinfecting' 
chemical, e.g., potassium permanganate, and moulds the mixture 
in a proper way. Or else he cools the naphthalene, reduces it. 
to powder, mixes tt with the permanganate, and then fuses the 
mixture as above. ■■ 

Combination of Naphthalene with Sulphur.—Acconimg to an. 
observation made by H. Kohler (Ger. P. 192815 and patents in 
other countries taken out for this process by t(ie Riitgersvverke- 
Aktiengesellschaft), sulphur easily dissolves in every proportion 
in fused naphthalene, and on cooling crystallizes with it in 
an isomorphous mixture. If equal weights of both these 
substantJis are fused together; (which exactly corresponds to i 
molecule naphthalene + 4 atoms sulphur), and the solidified, 
surface of the mixture is perforated before the mass has cooled 
down, the vessel is found filled with long, scaly'fcrystals of the 
colour of sulphur, consisting of naphthalene and sulphur in the 
proportions employed. When left lying in contact with air, 
the naphthalene evaporates, leaving the sulphur behind in an 
extremely finely divided form. The naphthalene can also be 
dissolved out of the mixture by appropriate solvents tvhich do 
not dissolve the sulphur, alcohol, petroleum spirit, etc., and in 
•this way sulphur is obtained in molecularly fine form, just like 
the well-known precipitated sulphur. The sulphur comes out 
in even more finely divided form, df the liquid solution in 
naphthalene is not allowed to crystallize, but i? suddenly cooled 
down, e.g., by pouring it into cold water, with agitation. This 
product, sold as naphthalene-sulphur, has been successfully 
employed for destroying the Oidium Tuckeri, the Tortrix 
Ipilleriana, etc., infesting the vines (Haack, Z. angew. Chem., 
1909, pp. 817 et seq.). • 

‘ Various other uses of Naphthalene. —(Sometimes, according 
to Chem. Trade /., 1891, p. 304, naphthalene is employed for 
pickling timber by leaving it for an hour or two in ^a boji 
■filled with melted naphthalene. If is said to protect the 
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timljer against moisture and insects, but it is not equal to 
creosotizing for pit-props or for use in water. 

Heinrich (Ger. P. 99710) employs naphthalene for a pre¬ 
liminary tanning pf skins, together with ordinary tanning 
: solutions. It is also used for denaturing dried sheep’s intestines, 
to be imported into Germany. ^ 

Sudheim and Koppen (Ger. Ps. 60*51 and 7784) employ 
naphthalene in the manufacture of non-phosphorous matches. 

Pantopollite is dynamite containing a few per cent, of 
naphthalene. It was supposed to prevent the formation of 
nitrous fumes during the explosions; ^ut practical trials have 
shown that the smell remaining after the explosion was far 
worse than in the case of ordinary guhr-dynamite (Wagner’s 
Jahresber., 1876, y. 495). 

Naphthalene or its nitro-compounds are also essential 
constituents of various other explosives, suclf as “Dahmenite,” 
etc., described in the German patents, 93228 (Geserich), 93351 
(Bielefeldt), 100522 (Corbin & Co.). • 

S. Stein (Ger. P. 23947) makes porous stoneware by incorpor¬ 
ating with the clay naphthalene suspended in water or suitably 
dissolved,dryifig, volatilizing the naphthalene and recovering it at 
the same time, whereupon the clay is burned in the usual manner. 
The burned articles show an even porosity ; and as the naphtha¬ 
lene does not leave any ash, the pores are not partly filled up with 
a fusible mass, less capable of resisting changes of temperature. 

M. E. Coutin (/. Soc. Chem. Ind., 1884, p. 353) makes 
a specially “detergent" soap by melting two parts of ordinary 
soap with three parts of naphthalene. [While it is very doubtful 
whether such a so^ap will remove dirt better than the ordinary 
article, it is certain that those using it will produce an fntensely 
disagreeable atmosphere Ground themselves!] 

According to Callenberg {Prometheus, 1902, p. 96), naphtha¬ 
lene, if added to tdie artificial camphor used in the manufacture 
of celluloids and dynamites, makes these uninflammable and 
inexplosive. 

Tfaine (Ger. P. 154756) employs e solution of naphthalene 
in linseed oil in th^ presence of rosin, as varnish. Tbis 
product is more liquid than ordinary varnishes, and is npt 
sturbid, but remains clear; \cr does it form skins on, the 
surface through the oxidizing action of the air. 
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- Kohler (Ger. P. 204256) also employs naphthalene ap an , 
excellent and cheap solvent for asphalte, resins, and sulphur. 

Kreis {Chem. Zeit., 1905, p. 714) reports that in Basel 
naphthalene is sold by the name of “Gasin” for increasing the 
illuminating power of petroleum, and as “ Rhodin ” for the t 
extermination of verijiin. '■ 

Genthe (Ger. P. 157542) burns naphthalene to obtain soot, 
by means of a water-cooled burner. 

An observation made by Grabowsky {Berl, Ber., vii., 1605),' 
according to which, naphthalene reacts with formaldehyde and 
methylate (with productio'ii of diphenylmethane), has been 
taken up by the Badische Anilim und Sodafabrik, B. P. 16245, 
of 1908 ; Ger. P. appl. B48200; Ckem. Zeit. Rep., 1908, P.-325) 
for the production of artificial resins. Since thpse resins are not 
soluble in alcohol, they cannot replace shellac in all cases 
(Weger, Z. angew'. Chem., 1909, p. 338). < ‘ 

Buss and Fohr (Ger. P. 186396) employ naphthalene, in lieu 
of pitch, for converting coal du,st into “ patent fuel.” 

Perlewitz (Ger. P. 286846) agglomerates saw-dust by fused, 
naphthalene. 

The Riitgerswerke Aktien.-Gesellschaft employ it in the 
manufacture of india-rubber goods (Ger. P. 214518), and for 
producing elastic, plastic masses from thickened oils (Ger. 
P. 224040). •> ' " , , 

Statistics. 

We can give such only for Germany, where the Deutsche 
Teerprodukten-Vereinigung (Union of German tar-works) has 
-collected the following data from its members, proving .that 
the sale^ of naphthalene are considerably below the quantity 
producible in the tar-distillation; hfcnce part of it is left in 
the heavy tar-oils, or employed in the crude ^tate as fuel, etc. 
The figures mean metrical tons (at 1000 kg.). , 

1909 . 1010 . 


Tar worked up by the members of the Union 825,000 895,900 tons 

Naphthalene producible from this (calculating 


it =<5 per cent.) .... 

41,250 

44,750 

>> ' 

Sales of pure naphthalene 

23,300 

29,200 

ft 

„ crude „ , . 

6,000 

6,200 

ti 

Total sales . - . . . , 

29,300 

35,400 

if 

(Expfessed in per cent, of the tar 

3.51 

3-95 per cent. 

Leaving an unsold balance of 

30 

30 

»» 
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Importation 6f naphthalene into and exportation <irom 
Germany (tons). 



Importation. 

Exportation. 

1903 

. • 14,480-6 

2332-7 

1904, .* 

12,443-6 

2878-2 

1905 • , ■ 

11,645-2 

2735.2 

1906 

8,113-^8. 

2823-2 

1907 

10,143-9 

5966-2 

1908 

8,343-2 

4183-9 

1909 

7,774-5 

.6346-8 

1910 

4,996-6 

9228-1 

I9II 

4,88* 

• 9302 


According to Stone {Chem. Jnd., 1915, suppl., p. 338), the 
Unitpd States before the great European War produced about 
million lbs., lywadays about 7 million lbs. of naphthalene 
per annum, their normal consumption being about 9 million lbs. 

• • 

Acenaphthene. 

Properties, p. 248. . * 

According to the Ger. P. 277110 of the Gesellschaft fur 
Teerverwertung, the crystals of crude acenaphthene separating 
from the runnings following tlje naphthalene fraction, which 
contain, besides acenaphthene, other solid constituents, are 
subjected to a redistillation, with ^ suitable amount of liquid 
constituents of coal-tar going over between naphthalene and 
acenaphthene. 






CHAPTER VIII 
CKKOSftTE OIL 

In this chapter we treat of the employment or further refining 
of those distillates from coal-tar which are midway between 
carboHc oil.and anthfacene oil. These are, in the first place, 
*he fraction of coal-tar distilling directly between 240° and 270^', 
and besides, from either sitfe, the residues from the manufacture 
of carbolic acid, naphthalene, and anthracene. Practically every¬ 
thing which cannot be used for any other purpose is run into 
the creosote-oil well. , 

Formerly the only treatment of this oil consisted in 
separating the crude naphthalene srystallizing out from the 
liquid portion. It was generally assumed that it is not possible 
to prepare good naphthalene and good phenols from this oil, 
which was employed in its original state for impregnating 
(oickling) timber, and into which everything was thrown 
which could n( 3 t be ujed for any other purpose. The solid 
substances separating.out, and consisting mainly of naphthalene, 
were sold at a low priefc for the^purpose of manufacturiflg lamp¬ 
black {vide infra). • 

In the course of time, however, processes have been worked 
out by which phenols and naphthalene can be extracted from 
creosote oil, of the same ‘quality as those obtained from the 
“carbcJic oil,” which will be treateiLin the next chapter. On 
the other hand, the prescriptions irnposed by the public bodies 
for the quality of the imprg^ating-oil have become more and 
more stringent, so that it is no more possible to sell that 
fraction in the state in which it is obtained in the first distillation 
of coal-Ur. Hence it is worked up by repeated distillations 
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in apparatus of greater efficiency than the stills'in which the 
tar is submitted to the first distillation. 

Properties .—Creosote oil, also ijail^d heavy ^oif or dead oil, is, 
in the fresh state, of a light greenish-yellow polour and strongly 
fluorescent, and is rendered still more fluorescent by the action of 
air and light. After some time ib turns much darker and appears 
bottle-green by reflected, dark red by t^’^ansmitted light. As 
the distillation proceeds, i,l> becomes gradually darker and more 
consistent. Its smell is extremely characteristic—unpleasant, 
almost nauseous ; it is' probably caused by sulphur compounds 
not yet i.soiated. It is as thick as^ ordinary fatty oil, and at 
first has also an oily touch, but soon acts upon the skin by 
its acids. It is always heavier than water; the specific 
gravity of its last portions is i-oyo. The average sp. gr. is 
about 1-04. < 

Composition. —The following bodies have been found in 
creosote oil:—Naphthalene, u- and ,S-methylnaphthalene, tetra. 
hydronaphthalene, diphenyl, acenaphthene, anthracene, phen- 
anthrene, and the hydrocarbons coming in between these; 
phenol, cresol, more especially xylenol and u- and ;8-naphthol; 
aniline, quinoline, isoquinolintj, and all the other bases 
mentioned in Chapter III. (pp. 293 et seq.). Only few of these 
substances arc liquid, and it is certain that many more substances 
of a low fusing-point, as yet undiscovered, must exist in the 
liquid part of creosote oil. * 

We get an important insight into the nature of creosote oil 
(as well as anthracene oil) by the following restilts, obtained by 
Watson Smith from the distillation of Lancashire tar. Sample 
No. I was taken after 150 gall had come over; No. 2 was a 
sample 'of the next too gall.; No. 3, of the next too gall.; 
No. 4, of the first red oils ”; No. 5, of the last oils. 

No. I was of light colour, and on cooling was almost entirely 
solidified by the crystallization of naphthalene. 

No. 2. Yellowish oil, with faw crystals of naphthalene. 

No. 3. Quite similar. » 

No. 4. Red oil, with but little deposit. 

No. 5. Red oil, solidifying on'c9oling. 

All contained a little water. Each of the samples was 
distilled, witli the result given below, in percentages by 
volume (N signifies that, on cooling, naphthalene .began to 



gOMPOSITION OF CREOSOTE OIL 649 

crystallize; O, that all remained liquid; A, that anthracene . 


began to crystallize). 


T 6 inj) 0 r»ture. ^ 

Mo. 1 .^ 1 

No. 2 . 

No. 3 . 

No. 4 . 

No. f >. 


Per cent. ' 

Per cent. 

Per cent. 

P<*r Cfiiit. 

por cent. 

. Up to 180*^ . • . • 

1*0 

... , 

6-6 

I'O 

2-7 0 

„ 310 ° . . -I 

6-3 N 


4.7 N 

2-0 

1*1 

,, 220” 

lO-O 

16-0 N 

1*6 

8.3 N 

0.7 

„ Vo" • • 

12-0 

5-5 • 

7«5 

2.0 

0.7 

„ 240" 

. 34-3 

13*8 

• 1.8 

4-7 

0.9 

250° . 

I 3 '** 

. 9-8 

« 8-3 

...0 

3-3 

„ 255" • 


4-90 




„ 260" 

9 * 3 . 

9*3 

9*7 

0-7 

• „ 270" 


, 8-9 

1.6 0 

12-0 A 

1-8 

,, 280" . . .• 

4-3 A 

4-9 A 

8-7 

8-7 

I'X A 

„ 290'' 

3-7 

3-5 

G.6A 

5-4 

1.8 

300° 

3-7 

3-8 

11-3 

4-3 

5-9 

„ 310° 

3-7 

2*1 

4-5 

3-0 

.12.0 

„ «20° 

3-7 

2-8 

1*3 

1 7-3 { 

8.2 

„ 330" .. • 

„ 335’ »• 

... 

2'S 


4-0 

1 

,, 340" • 



V 6-0 


„ 345' 




r 


„ 350" • 

„ 360° 

Above 360“:— 


• 2*1 

4*8 

I-6 

iS*o 

18.0 


Yellow crude anthracene 

7-1 


34-0 

CTrange or red substance 

i>8 

• 

4-3 

5-3 

16 0 


■ 99-4 

87-5, 

97'8 

97-7 

95'6 

Slate of the pitch remim-l 
iug behind on rectifica-1 

1 good 

very good 

half coked 

hard • 1 

beginning 
lo coke 

tion . • . . . J 






Totals. 

( 





Crystallizing naphAalene 

i 66-2 





oils . • •' 

45.1 

33-3 

15-0 

0 

Not crystallizable oils 

, • 70 

13-8 

10-3 

9-7 

II -9 

Anthracene oils . « 

26.2 

• 

I* 

• 28*6 

47-6 

70*0 

8.V7 


Church and White (/. Ina. Eng. Cliein., 1914, vi., p. 396) 
• describe tests for estimating the paraffins contained in coal- 
tar creosote, either by sulphonation or by means of dimethyl 
sulphate. ^ 

• Storing-up of,the Creosote Oil. 

Since there'are often very large stocks of this oil accumulat¬ 
ing at the works, there must be correspondingl>’ large stdte- 
tanks o^'ells, which in many cases are not covered up, as the 
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oil is not very volatile and the rain-water floats on the lop of it, 
whilst the pumps take it away frorti the bottom. Still it is safer, as 
a precaution against fire, to cover |!jf)'che tanks. At La Villette, 
the creosote oil is kept in large upright, cylindrical tanks, 
standing on brick pillars over a water-tank visible and accessible 
from all sides. Thus any leakages are noticed at once, and in 
any case the oil is prevente'd from penetrating into the ground. 
Where this is of no gre^t consequence, the oil-tanks are, as a 
rule, partially or entirely sunk in the ground. They are better 
if made of boiler-plate tflian of brickvkirk set in cement. 

It is advisable to fix a stcam-pi^e in the well, .so that the 
naphthalene crystallizing out can be dissolved again before afiy 
large quantity is sent out. 

The store-tanks mostly have a flat bottom, and a conical or 
dome-shaped top, with a (loosely covered) manhole at the top 
and a lightly closed manhole just over the bottohn^servisg for 
getting out the solid matter when cleaning the tank. If they 
are not within the active zone of a lightning rod, they ought to 
be protected by such a rod. In Germany, according to the 
official rules for the storing of inflammable liquids, every tank 
must be moreover surrounded^ by an earth wall, at such a 
distance and such a height, that the annular space between the 
wall and the tank sufficer. for holding three-quarters of the 
contents of a tank. Qf course on laying out the plant, these 
store-tanks are placed so as to be as little as possible exposed 
to danger from fires breaking out in the factory. 

The Berlin-Anhaltische Maschinenbau-AlAien-Gesellschaft 
{Petroleum, 1911, p. 724) has worked out a plan, by which it is 
assured that in case of an excessfve pressuse occurring within a 
tank (wfhich may lead to Ae top being torn off from the 
cylindrical part by the explosion) certain distinctly defined 
parts of the cover are removed, thus preventing a complete 
destruction of the tank and the consequent breaking out of a 
great conflagration. * 

Directly after the distillation, the creosote oil is puryped or 
forced into these tanks, wiiere it is allowed to qool, and where 
most of the naphthalene separate!., Creoso*te oil rarely contains 
less than 40 per cent, naphthalene, sometimes more. It there¬ 
fore solidifies to a great extent on cooling, and usually exhibits 
a dense, continuous covering of naphthalene. Oil. obtained 
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from tar, pTodcced from material containing much cannel- 
coal, contains les^s naphthalene and more of the higher phenols. 
The bottom of tfie coolers is»provided with a tap, which before 
the entrance of th^ oil is closed by means of a wooden plug. 
After cooling, this plug is removed and the liquid portion of the 
oil.is now conveyed into the principal reservoir. The naphtha¬ 
lene is shovelled o’ut jnlo drainers ; 'its further treatment will be 
described^ later on. Some peoplei^consider this naphthalene 
from creosote oil as unsuitable for purtflcation, and only fit for 
softening the pitch or burning into* soot. But this is a 
prejudice; by proper treatment it can be purified as well as 
the naphthalene frop cartolic oil. 

Carriage of Creosote Oil. 

On a confparatively small scale creosote oil is conveyed in 
.wooden casks, which are very liable to leak unless they have 
been previously saturated with.a solution of glue. On a larger 
.scale exactly the same contrivances are employed as for tar 
itself, viz.:—for railway carriage, block waggons with cylindrical 
or angular wrought-iron tanks^holding lo or 15 tons; for water 
carriage (on rivers or canals), tank-boats. Even more than for 
the carriage of raw tar it is necessary in this case to provide the 
tanks with heating arrangements (closed steam-coils), in order 
to Ifquafy their contents when solidified in the cold 6f winter. 


Redistillation of Creosote Oil. 

This operation .was for a,long time avoided at most tar- 
works, as causing mo?e trouble and expense than it ^^s worth, 
and it was principally performed at some of the Scottish w'orks. 
Recently it has come int8 more general use on the Continent. 
Its object is, of course, to separate as much of the more valuable 
constituerfts as possible. * 

Tlie redistillation of creosote oO is usually performed in 
stills just lik^ ordinary tar-stills; fiissibly in some cases with 
the employment of 3 vacuum.* When distilling under ordinary 
atmospheric pressure, we obtain at first a very little “ light oil ” 
like that described on p. 445, then a little more carbolic eil,” 
but prijjf.ipally what may be called the first and the second 
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“naphthalene oil,” the limit between these be/ng'taken when 
the thermometer indicates 210° to 215° C. The “first naphtha¬ 
lene oil ” on cooling solidifies to a grea'c extent into naphthalene, 
almost of pure quality, about which we shajl say more in the 
next chapter. The “second naphthalene oil,” boiling up to 
280°, also separates much naphthalene on cooling, but in a less 
pure state, containing methylnaphthaleqe and acenaphthene. 
The residue left in_ the^.still contains a little anthracene, 
and is worked up with the anthraosne oil, as de*scr*bed in 
Chapter VII. *• t 

When the “first naphthalene oil’’ has cooled down, the 
solidified naphthalene is separated from the liquid oily portion 
(which may amount to one-half or a little more of the whole). 
This filtered oil contains, besides hydrocarbons, a few per cent, 
of tar bases which may be extracted by an acid, and ar large 
quantity, say 25 per cent, of phenols. These make it vakable 
for disinfecting purposes, but in its crufle state it would be, 
frequently inconvenient to apply. We shall see below how this 
is remedied by the production of emulsions, etc. 

Sometimes the “first naphthalene oil” is again redistilled, 
in order to obtain products contaming a higher percentage (up 
to 50 per cent.) of phenols, which are employed for disinfecting 
purposes, or as an additicci to the solution of zinc chloride 
for pickling timber. 

The “ second naphthalene oil ” is also, after cooling, sqjar'ated 
into a solid portion (impure naphthalene, vide supra), and a 
liquid portion which is employed for pickting timber as 
described below. • 

Wurtz [Matures colorantcs, P433) recompiends the following 
treatmeitt;—The heavy oil is'distilled in* boilers holding 1000 
to 2000 litres; anci the following fractions are collected : ist, the' 
products below 120', which go to crude benzol; 2nd, the 
products between 121° and 190°; 3rd, the residue, which goes 
bacl< to the tar. The second fraction* [between 121° and 190°] is 
washed with acid and all«li, and is then sold for lubripating, 
or for pickling timber, or elle it is converted into ap illuminating- 
oil. For this purpose the naphtWajene shduld be removed by 
treating with 10 per cent, concentrated sulphuric acid, then 
with water, then with 6 per cent, concentrated solution of 
caustic soda. The oil is now rectified; and the distillate is 
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agitated with felrous sulphate (■yzafs z'w/rir). The oil thus purified . • 
is sold as “ huile(pid6rale.” ^ 

According' to Rispler, it« is best to run the creosote oil 
directly fyom the (Jistillatioc of the tar into cooling-pans, where 
the crude naphthalene crystallizes out. The liquid portion 
is jised for pickling timber.* The crude naphthalene is re¬ 
distilled in ordinary stills, without a column at the top. 
Gener^ly^only one fraction is made*up to,25o°, which goes into 
cooling-pans. If two fractions are made. No. I. is that passing 
over up to 230°; No il. from 230° *to 250“. In a special 
instance. No. 1 . amounted ^to 39-75 P^r cent.. No. II. to 27-30, 
together 67-05 per ,cent. The naphthalene obtained from 
No. I., pressed in the cold .state, showed a solidifying point 
of 78°-6, and the following boiling-points:—90-45 per cent, 
at 214!'’ to 220“; 4-6o per cent, at 220" to 230"; i-20 per cent, 
at 230' to ,250 . The cold-pressed naphthalene from No. II. 
phad a solidifying point of ^8°-S, and boiling-points:— 81-25 psi" 
cent, at 214" to 220''; 10-^6 peis cent, at 220° to 230°; 3-46 per 
cent, at 230 to 250". By redistilling the residue a product 
was obtained, yielding at 230° to 250° 7-3 per cent, distillate 
with a solidifying-point of 72"-^. 

It seems to be a better proceeding (as also pointed out 
by Spilker) to pump the crude croosote oil before it has had 
time for cooling and separating its solid constituents into the * 
creosote-oil stills, which are exactly like the tar stills in respect 
of size and shape, and to distil it by open fire, fractionating 
for carbolic oif, naphthalene oil I. and naphthalene oil II. 
The oil js distilled U^e tar, in a vacuum, and with partial 
application of a ccljumn, as^wijl be described in the next 
chapter in connectiotf with tl^e di.stillation of the middle oils. 


The following fractions are taken :— 

• 

Carbolic oil . 

Up to 195" 

Naphthalene oil 1 . . 

. from 195^' to 230" 

Naphtlfklene oU 11 . . * . * 

„ 230° „ 280" 

Anthracene oil ... 

--... 

. Residue 


' I have not been able to discover that any “huile side-rale,” made in the 
way described by -Wurt? or in an^ Similar manner from coal-tar oils, is sold 
anywhere. It is*possible that in this case again there has been some con¬ 
fusion with paraffin oils : but even if it be otherwise, we (^n only sayjhat 
the above process must have been discontinued long since, as at the present 
prices o^luminating-olls it cofild not possibly be remunerative. 
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The first two fractions go into the coolinff-house, together 
with the same fractions of the middle oil; the ^sidue is worked 
up together with the anthracene* oit, or placed in a special 
reservoir, together with the oily by-products of the manufacture 
of anthracene and naphthalene, and serves for the manufacture 
of “ prepared tar " {supra, p. 549), of impregnating-oils, fuehoil, 
oil for Diesel motors, and similar purposes; or else for the 
manufacture of soot, (lampblack); vide infra. A goo^ many 
patents have been taken out for iipproving this oil for the 
just-mentioned purposes, and for usipg it up in other ways, 
as we shall see later on. , 

In creosote oil from gas-tar, Rispler {loe. cit) found about 2B 
per cent, naphthalene and 16 per cent, acid oils; in that obta.ined 
from coke-oven tar, about 32 per '•pnt nanVith^ilene and 10 
per cent, acid oils. 


Special Processes fur treatLuj^ Crcosolc Oil. 

Rohart (Ger. P. 14924} heats heavy coal-tar oil, crude 
petroleum, etc., mixed with lime, in a still for several hours, 
and then submits the mass to distillation. 

Frank (Ger. P. 139843) heats completely dehydrated coal-tar 
oil with 5 to 10 per cent, brimstone to 220° to 250°, until the 
evolution of HjS ceases and a deep brown oil has been formed 
which is much more viscid, less volatile, and has a stronger 
preserving and disinfecting power than the original oil. 

Seidenschnur {Cbeui. Zeit., 1909, p. 701) asserts that the 
phenols possess antiseptic properties orjly in aqueous solution, 
but not when dissolved in tar-pils, in the shape of creosote oil, 
etc. Coal-tar oils, after being deprived of'phenols, have exactly 
the same bacterk:idal action as before. The antiseptic 
properties of anthracene oil are even superior to those of 
lower-boiling tar-oils. Petroleum oils have no ^antiseptic 
power unless a little sulphur has*been dissolved therein in the 
state of boiling. ^ . 

The pyridine bases are sometimes removed from creosote 
oil by a special treatment, but we must refer for this to the next 
chapter, especially as these bases form a valuable constituent in 
credsote oil fdr preserving timber {vide infra'), and therefore 
ought not to be removed from it when using it for that^rpose 



REMOV<NG.THE SMELL 


655 


Removing tht^Sinell. —To remove the disagreeable smell of 
tar-oils used for disinfecting purposes is the object of various 
inventors. This’ nauseous ■'smell is principally caused by 
certain splphur compounds. A very common proceeding is 
shaking up with a solution of ferrous sulphate, say 4 per cent. 

T’he Rutger-swerke-Aktien'Cesellschaft, at Berlin, employ 
for this purpose tte mcctate of lead. According to their Ger. 
P. 1534,85*^ solution of 100 kg. norpial or basic lead acetate 
in 450 kg. water is added’to 10,000 kg. anthracene oil or other 
heavy tar-oils. The mixture is'heated'in a still to l8o“, and 
superheated steam is pasi^cd through, until about 20 to 25 
per cent, of the oil has been driven off and condensed. The 
oil remaining in the retort has a fine colour and very little 
smell; the receiver contains a distillate of bright colour fit for 
burning as fuel or for driving motor-cars. The blowing-in 
of steJim diyring the distillation is indispensable ; if the heating 
is effected entirely by an ordinary fireplace, the oil remaining 
in the retort does not lo.sl; its bad smell and easily separates 
crystals. The same effect is obtained by means of other lead 
salt^, or of copper salts, but lead acetate is the cheapest. The 
idea of employing lead or cop,per salts for this purpose is not 
new {ef. Ger. Ps. 43145 and 107239; and U.S. P. 378246), 
but the result is unsatisfactory unless the process is carried 
out as just de.scribed. ^ 

Another patent of the same firm (Ger. P. 147163) for remov¬ 
ing the bad smell of tar-oils prescribes adding to 10,000 kg. 
of the oil 20 kg', of an aldehyde or ketone, preferably formalde¬ 
hyde, and some* acid (jr alkali; heating by steam to about 
90° for some time.* .The aldbhyde acts upon the smelling 
compounds, water being separated, and condensation products, 
possessing little or no sqjell, being formed Jnd remaining in 
, the oil. By continuing the heating, a few per cent, of more 
volatile compounds are driven off. The remaining oil, apart 
from the improvement of cololir and smell, possesses some 
further«.dvantages in comparison witlfthe ordinary impregnat- 
ing-oils. It i.s«more viscid, has a higher specific gravity, and 
contains less volatile substances, so that j:here is less danger 
of fire when employing it. 

Deichler applied for a German patent (appl. "D 14576) ftr 

treatingyJieavy tar-oils with formaldehyde for the purpose 

. • • 
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of removing the smell, but the patent was refused, as colliding 
with the just-mentioned patent of the Riitgers^werke. 

According to a further patent of the Riitgerswerke (Ger. P. 
223868) the tar-oils are treated with sulphur,'c acid of 50 to 60 
per cent. fGSO^, whereby at 80° to 90’ a portion of the badly 
smelling compounds is separated in the shape of acid-resin,,and 
'easily removed. £.£■., 1000 kg. creosote oil is heated in a lead- 
coated vessel proviejed \\{Kh agitating-gear, to aboyt po°, and 
100 kg. of sulphuric a'Cid of 60 per cent. H.^S04 is gradually 
added with constant stirring. After s^ome time of heating, the 
mixture is allowed to cool, the oil is drawn off from the acid 
and the acid-resin, and washed with lOO kg. caustic-soda 
solution of sp. gr. 1-3 or more or less, according to the nature of 
the raw oil. The oil is then heated to 100° and steam passed 
through until no more naphthalene goes away. 

A patent of the Gewerkschaft des Steinkohlenbergwerks 
“Lothringen” at Gerthe, in Westphalia (Ger. P. 2I3;45), 
prescribes adding to the oil small quantities of carbon tetra¬ 
chloride, with a little hydrochloric acid, heating to 200'’ to 300“ 
and driving off part of the product of the reaction. When 
employing rather more carbon.tetrachloride, the addition of 
hydrochloric acid and the partial distilling off may be omitted. 
Thus an oil with very little smell, of a fine brown colour and great 
viscosity, is obtained, as desirable for impregnating purposes. 

Melamid and Grbtzinger (B. Ps. 9856 of igi2 ; 5484■of 1913 ; 
Ger. Ps. 264811, 276765, 278192; Fr. P. 443650) convert the 
hydrocarbons of tar-oils into hydrocarbons of lower boiling- 
point by heating with phosphoric acid., 


Creosote Oil .and Preparations from it as Antiseptics. 

Creosote oil contains from 10 to 20 per cent, and sometimes 
more than this of phenols, of which very little is carbolic acid, 
but mostly cresols and higher homofogues. Even in the crude 
state it is an excellent gntiseptic and is extensively vsed as 
such, in spite of its unpleasant smell and its slight solubility in 
aqueous liquids. Dusart has slywn the strongly antiseptic 
properties of the portions distilling between 210° and 
when freed from naphthalene. Before a separate fraction was 
taken in tar-distilling, which contains most of thauphenols, 



i;SB AS ANTISEPTIC EMULSIONS 


657 


together with nai-iithalene, pyridine bases, etc., of which we shall 
treat in the nextichapter, it was usual to convert the creosote 
oil as a whole intb a disinfectant, by various processes. Most 
of these are now applied tp the crude carbolic oil, or even 
better to the crude mixture of cresols, from which carbolic oil 
on tlje one side, and naphthalene, etc., on the other side, have 
been removed. We sltall therefore cfescribe them in the next 
chapter unc^er the heading: “ Preparatripns fijom carbolic acid and 
cresols.” • • 

A disinfecting potvder i.s obtained from creosote oil or 
“first naphthalene oil” by jiixing it with about four times its 
weight of dry hydrated lii}ie (preferably quicklime which has 
been hydrated by lying in the air and fallen into powder). 
This mixture after a short time takes a brick-red colour, by 
the fortnation of rosolic acid, etc., and is much employed in 
stabley, railr^ia’d cars, etc., etc. 

• Instead of employing creosote oil by itself, it has become 
very usual to combine willi it the action of other antiseptic 
agents, in the first place chloride of sine, which for a long time 
has been employed by itself for the pickling of timber {cf. infra, 
p. 679). This has been done /or many years at the various 
factories owned by the Riitgers Company. A special form of 
such a combination is that patented by Guissani (Gcr. P. 132202), 
who first removes the moisture from the wood by keeping it in 
a vacuum in a high-boiling liquid, and then dips it in an open 
vessel in creosote oil of sp. gr. 109, overlaid by an aqueous 
solution of zinc chloride of sp. gr. l-02. Emulsions of creosote 
oil with solutions of zinc.chloride are described by the Berliner 
Holzkomptoir (Ger. I3944I ^nd 152179). 


Emulsions of Creosote Oil or Distillates therefrom. 

A serious drawback of the use of the raw tar-oils is their 
slight solubility in water or aqueous liquids generally. This 
drawback is overcome by mixing the»oil with a concentrated 
solution of soapi, more particularly tlie soft potash-soap, which 
partly dissolves them* and pv^ly converts them into emulsions, 
wherein the oil is contained in a state of extremely fine 
division. ’ • 

Accojjling to Engler and Dieckhoff {Arch. Pharm., 1892, 
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part 8), already in 1874 solutitjns of soap tar-oils, or of 
tar-oils in soap, were found in the trade. Suth solutions fbrm 
with water an emulsion in which the tar-oil 'is ’in the state of 
finest division, or they are even completely, soluble. . The first 
manufacturer whose preparations (called “ Sapocarbol ”) were 
scientifically examined was 1 . Sc’henkel, of Eisenbiittel (Pharm,. 
Ccntr.^ 1884, p. 290), in 1884; but it was fenly in 1887, when the 
Creoline of Jeyes was extensively advertised by Mes.«rs William 
Pearson & Co., of Hamburg (hence cdlled " Creoline Pearson”), 
that these articles became generally known (Ger. Ps. 65387, 
655331065537). 

Creoline (also sold as cresotin, dismfectol, etc.) is a dark- 
brown syrupy liquid, smelling of creosote, sp. gr. 1-04 and l'08, 
soluble in every proportion in dilute spirit of wine (i ; 7), ether, 
and chloroform, partially in petroleum spirit, but insoluble in 
methylic alcohol. With water it forms an emulsion," most 
perfectly in the proportion of 2-5 per cent, creoline, of faintly 
alkaline reaction; it makes no spots hnd is not poisonous, even 
when 5 per cent, strong. With acid or alkaline water, or with , 
glycerin, more darkly coloured emulsions are formed. Crepline 
is used in the same way as carbolic acid. The first observers 
who recognized Pearson’s creoline as a soapy tar-oil solution 
were Otto and Beckurts 1889, p. 227); the results of 

Sprenger iZ. angew. Chem., 1891, p. 183) in the main agree with 
theirs, as proved by the following table. According ’ to this. 


creoline is nothing but a 
rosin soap and water. 

mixture of creosote oil with a soda 

Otto and Beckurtj. Mprenger. 

Hydrocarbons 

.. * 59-60 

44'94 per cent. 

Phenols 

. 1040 ' 

12-67 

'll 

Pyridine baoes 

. 080 

2-76 

» 

Abietinic acid (rosin) 

. 23-00 * 

32-45 


Water 

• 3-40 

5-34 

„ 

Soda 

2-8ct 

>■45 


Sulphur 

. * 

0-25 

>5 

Chlorine . . t 

. • - 

0-14 

l> 



P'rom the very interesting research of H. Collier {Pltarm. J, 
and Trans., 1890, xxx. p. 751), on the emulsive properties of rosin 
sdap, we learn that soap manufactured by two hours’ boiling of 
112 g. rosin with 20 g. caustic soda'and 580 g. wateru's able to- 
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convert even mtrcury, on shaking, immediately into the state 
of ‘finest division, and that oils, chloroform, thymol, camphor 
spirit, creosote, etc., are quiSkly and completely emulsionated 
by adding a small’quantity of rosin soap. 

From the above analyses v^e see that the creolinc analyzed by 
Otto and Beckurt^ was made ^ith 3.0 parts of rosin, which was 
saponified and dissotved in 70 parts creosote oil; whilst the 
article analyzed by Sprenger was made fr»m 40 parts rosin and 
60 of creosote oil. This'^s well as further analyses, prove that 
the “creoline” of trade Ijas been very differently composed at 
different times; and this i.‘».still further proved by the existence 
of other creolines (such as Or!mann’s Ger. P. 51515, 1889), in 
which the emulsion of creosote oil is effected by the addition of 
.solutions of gum arabic, or of certain sulphonic acids of heavy 
hydrocarbons, 

Q^jite a« number of coal-tar preparations, sold for antiseptic 
•purpose.s, go by the name, of “ creoline.” Their value is very 
unequal, and properly speaking’ they should be tested by their 
bactericidal action. 

According to Baroni {Gioru. Farm. Chiiu., li., p. 289), good 
creoline is a brownish-red, clear liquid, smelling of coal-tar, not 
unpleasantly, sp. gr. 1-03 to i-o8, yielding in the proportion of 
I : 40 a milk-white emulsion whicR keeps for weeks. Good 
creoline contains from 2-5 to 4-5 per cent. NaOH, partly 
saponified, and 70 to 80 per cent, coal-tar oil (a sample of 
Pearson’s creoline showed 78 per cent), as extracted by ether. 
The percentage of phenols is about 20 per cent. Creoline is 
prepared by saponifying the rosin with a solution of caustic 
soda, sp. gr. I- 332 ,’ at lOo' C, adding the coaljtar oil, 
previously heated to 70“ or Se", mixing at 100° and filtering. 
Baroni quotes the follo\uing proportions for various qualities 
of creoline:— 


• 

• 

■*- 

• 

Vitiietiaii 

tur¬ 

pentine. 

NaOn 

solution, 

spefl. grtiv. 

Coal-tar 

oil, 

spec. gray. 
1-08 to 1-035 

Colo* 

phonium 

rosin. 

Beef 

suet. 

• 

Gras. 

Grms. 

Gnus. 

Grms. 

Grtna. 

I. Italian creoline . 

250 

70 

775 



2. Ordinary creoline 


90 

780 

200 

_ji 

3 ’ Solid creoline, f.-p. 55^ to 5S' 

r 

0 i 

i 

90 

750 

60 

80 
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The following table shows the compositi^jn of two com¬ 
mercial creolines of good quality, besides that of “ Italian 
Creoline ”;— ' 


1 

1 

Hojnniilitvl. 

NaOH. 

.Saponified. 1 Total. 

j Coal- 
tar 

1 oil. 

i 

• 13 .-p. of 
coaUtaroil. 

"C. 

riienoli 

and 

cresols. 

Kosni. 

Creoline A . ! 1*76 

o*9&‘ I 272 

77 

180 to 270 

i 2 S’ 

17-5 

Creoline B . j 2*96 

fc -32 1 3-28 

' 66 

0 

0 

16 

27.3 

Italian Creoline ' I‘!i4 

i 

0-76 1 r-6 


160 ,, 270 


19-0 


In Germany the designation of “ creoline ” was officially 
restricted in 1903 to the “Creoline Pearson,” supra, p. 658. 

Lysol is a preparation extensively employed, because it 
is perfectly soluble in water. Such a preparation wa!> first 
made by Schenkel and sold as sapocarbol. Lysol itself, 
according to Dammann’s patent (Ger. P. 52129), later on^ 
cancelled by a decision of the German Reichsgericht, is made 
by mixing tar-oils, rich in phenols and cresols, with linseed oil 
or rosin, and saponifying the oil or rosin by caustic potash 
solutions and spirit of wine, heafing with a reflux cooler until 
the mixture is homogeneous. Thus brown, oily, viscous, trans¬ 
lucent liquids or semi-solids are obtained, easily soluble in pure 
water. , 

According to Gerlach {C/iem. Zcit., 1 Sgo, p, 1289), 'lysol is 
made from the first portions of creosote oil, pa.ssing over 
between 199° and 201° C.; these contain mostly phenol and 
cresols, and scarcely any neutral oils. . 

Reuss {Chem. Ind, 1897, p. 8)>gives the, following analyses of 
lysol:— 



Brand 

Brand 

Conaliboents. 

" SlsenbuWji." 

“Schulke & Meyer. 

Pure cresols . 

. 49'2 o 

44-58 per cent. 

Impurities of crude cresol 

■ o- 7 (, 

4-40 

Potassium linoieate . 

19-80 

27-83 

Glycerin of soap .. 

• 2-'3 

3-48 

Glycerin added besides ‘ 

. 

4-12 ^ „ 

Water. 

. ui-34 

• 9-32 

Ashes. 

. ^51 

7-17 « „ 


‘Lysol is employed for the same purposes as creoline (or 
carbolic acid), especially also for surgical operations^ They 
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both render’the\skin and the. instruments slippery on washing, 
which is not the'case with the “ Cresol Raschig,” to be described 
later on. 

According to Rapp {Chun. Zentr., 1909, ii., p. 2206) a sample 
of lysol, analysed by him, qpntained 52 per cent, anhydrous 
.creeol, about 30 per cent, fatty acids, and 0'6 per cent, neutral 
oils. The percentage of ;«-cresol in the lysol-cresols was 
43-4 pgr 4:ent. If in lysol the fatty-oil .soap is replaced by 
linseed-oil soap, with thc'sjme percentile of aliphatic acids, the 
disinfecting-property is ipuch the same ; indeed, linseed-oil soap 
is more suitable than fay:y-oil soap; even better is a rosin- 
soap, e.g. made from larch-turffentine. The superior germicide 
actign of lysol in comparison with other cresol soaps is due to 
the high percentage and the choice of the cresols. 

Lysol is applied to the same purposes as creolin and carbolic 
acid Tor surgery and disinfecting purposes; but on account of 
•the danger of using it imp;operly it has been retired from open 
sale by a decree of the Ge*rman ‘Federal Council of 1st February 
1906, so that it can be obtained only by a doctor’s prescription. 
For. the pickling of timber it has never been applied on account 
of the cost • 

Similar Preparations. —Knoll & Co. (Ger. P. 166975), in 
order to purify heavy tar-oils for* therapeutic purposes and 
prevent their darkening in course of time, first remove the 
acid oift and bases, then wash them several times with 2 or 3 
per cent, concentrated sulphuric acid with the assistance of 
oxidizing agents, wash again with alkali, and redistil them 
at diminished pressure, in stills where they do not come into 
contact with base metels. * , ^ 

A product obtained in thij way is sold as Anthrasol; cf. 
Bokorny in Chem. Zeit, ^04, p. 990. * 

Seyd’s Lysokrcsol is described by Arnold and Mentzel 
{Apoth. Z^t, xviii., p. 134; Chem. Cenir., 1903, i., 784). They 
give analyses, quoting the thoti.sandth part of a milligram of 
cresols* and neutral oils. Lysokrcsdl evidently differs from 
real lysol only*by cojjtaining qjore water and being made from 
impure cresol. , 

Lysofonn is a mixture of lysol and formaldehyde. A similar 
product is the carbolic-acid soap, described in Rosemarin’s P. 
28277, of 1902, which is prepared from crude, water-white cresol, 
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with addition of 2 per cent, formaldehyde a»d 240 per cent, 
formaldehyde-potash soap,containing 15 per cetit. formaldehyde. 
It is stated to be almost devoid ofijmell, easily soluble, not very 
poisonous, and very efficient. 

Lysosriplwl{Pharni. Zeit.^ 1901, p. 93) is a sulphur compound, 
soluble in water. ■ 

Carbol-fysofonn is a mixture of 2 partf lysoform and l part 
crude carbolic acid. , ^ 

Sapophennl {Pharm Zeit., 1905,“ p. 249), sold ^by Dr 
Wermund & Co., is stated to'■perform the same functions as 
lysol. ^ 

Boleg (Ger. P. 122451) produces tar-oil emulsions by mixiftg 
the tar-oils with rosin oil, and washing with steam and caustic- 
soda solution, separating from the rosin-soap .solution, oxidizing 
with air or ozone, and in the end treating with steam at a plus- 
pressure of I to ij atmospheres. A further patent (G«r. P. 
129480) prescribes regulating the viscosity of the oils, after, 
being made .soluble in water by the'-addition of 50 to 60 per 
cent, condensed water, with a little gelatine, and then treating 
in the oxidation apparatus at a slowly rising temperature (115° 
to 125° C., according to their specific gravity) with compressed 
air until the mixture has become perfectly clear. This process 
is declared by {Scifensieder-Zcit., 1902, p. 510) to be 

quite useless. 

Westrumite is a preparation, like Boleg’s, used for watering 
public roads. 

A further patent of the Boleg Company (Ger. P. 155288; 
B. P. 22091, 1903) prescribes treating, the oils as in Ger. P. 
122451, mixing with aromatic hydrocarbons, previously treated 
with air or ozone at a temperature 6f 50° to 70° C., with 
application of corfipressed air, heatin^the mixture to a pressure 
of I to ij atmospheres in high-pressure boilers, and slowly 
cooling down. ^ 

The very great advantages of tar emulsions over the oils 
themselves for preserving timber, etc., are forcibly pointed out 
by Seidenschnur in Z. angevo. Chem., igoi^p. 43^. 

Nordlinger (Ger. P. 16861 i%makes heav]^ tar-oils more 
suitable for impregnating and disinfecting purpo.ses by mixing 
thfim with neutral or acid metallic salts of fatty acids, beginning 
from propionic acid, up to caprinic acid, or the analogous salts 
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of the acrylic acid series, or^ solutions of these salts. These 
salts are more ei.sily soluble in tar-oils than the acetates, and 
their antiseptic action is’coisequently greater, while they are 
less easily washed put. 

The Aktien-Gesellschaft fur Teer- und Erdol-Industric (Fr, 
P. 309807, 1901) find that the»salts of phenanthrene mono- and 
disulphonic acids aq^ as solvents for cresol, and so do the 
sulphonates of other tar hydrocartn^ns agd of carbazol. The 
solutions are valuable as*disinfectants or for pickling timber. 

Spalteholz (Ger. P. ^394951) emplSys for the purpose of 
preparing the tar-oil em’ulsions an alkaline solution of casein, 
pfeferably with an addition oS a small quantity of rosin. It is 
claimed that these emulsions are not destroyed by the salts 
contained in ordinary water, as is the case with creoline, lysol, 
etc.^ The same inventor later on (Ger. P. 170332) recommends 
for the same purpose preferably the products obtained from 
.casein by treatment with alkalis, acids, or by fermentation, 
always in an alkaline sohition. 

The Berliner Holz-Comptoir (Ger. P. 117263) employs a 
soap-solution of tar-oils “ of the well-known kind ” for thoroughly 
impregnating timber, as it penetrates into this right into the 
centre. 

The same firm (Ger. P. 139441) ^iroduces a lasting emulsion 
from tar-oil and zinc-chloride solution, by mixing ^ to 50 per 
cent, 'uvod-iar to the creosote oil, adding the aqueous solution 
of ZnCl2, and passing air through the mixture for some time at 
boiling heat. 

The same Arm (Ger. P. 152179) has found that the desired 
result is obtained irg much shorter time, by first blowing air 
through the mixture *of creosote oil and wood-tar fof a short 
time, and then gradually adding the ZnCSg solution, always 
stirring by air. In this case the temperature need be kept 
only at 60° to 70° C.; the mixture is more durable, and can at 
once be drawn or forced into the impregnating vessels. 

Ewulsions of Tar-oils, produced byk Sulphuric Acid. —A very 
rnuch employed process for producing emulsions from heavy 
tar-oils, consisting oil a mixture of actually dissolved compounds, 
with oils in a very fine state of division, is the treatment with 
concentrated sulphuric acid (Artmann’s Ger, P.* 51515, 1869), 
by which the alkaline compounds (pyridines, etc.) are converted 
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into salts, the phenols and some of the hydrocarSons intoif 
sulphonated derivatives soluble in water, (and holding ■ the 
undissolved oils in a state of suspension which lasts for a long 
time without any separation from the, aqueous portion:- 
According to a private, communication from G. Kraemer, the 
sodium and potassium sulphonate of acehaphthene and pjien- 
anthrene are most efficient in forming sficK emulsions. These 
■ emulsions may be entirely fluid or of a more gelatinous kind, 
and they are, like tar,oil emulsions,, produced in oth^r ways, 
employed for picklingHimber/ as cooling agents in the drilling 
of iron, for treating textile fabrics, for laying the dust in public ' 
roads,’ and other purposes. .. *’ 

Knoll & Co. (Ger. P. 106500) treat tar with concentrated 
sulphuric acid at 100°; the reaction products are insoluble in 
water, but can be converted by alkali into solutions of'almost 
neutral reaction. ‘ 

Alb. Friedlander (Ger. P. 181288) makes phenol or its 
substitution products soluble in water by adding small quan¬ 
tities of sulphonic acids or sulphonates. 

These processes produce a greasy mixture of sulphonated 
phenols and hydrocarbons, quinoline sulphate, and insoluble 
oils, from which on dilution with water or ferrous sulphate 
solution very disagreeable #arry masses are separated (Kraemer 
and Spilker, p. 61). 

Other patents for tar-oil emulsions have been taken out 
by van der Ploeg (B. P. 7699, of 1905); F. Saint-Hilaire and 
E. Grousseau (Fr. P. 353663); Nordlinger (Ger. Ps. 121904 and 
168611). 

The tar-oil emulsions have lost much ..of their importance, 
for implegnating timber by the modern economic processes 
for this purpose, t.^, that of Riiping (p, 686). A drawback to 
their employment for laying the duk in public roads is the 
strong smell they possess. 

Employment of Creosote Oil as a Lubricant. 

This can be efficiently dbne only after removjpg the phenols 
(acids), which promote friction, ‘l^aphthalene also will hardly 

’ According td Asphalt u, Teerind. Zeit., iii. *71, this has been done 
successfully at‘Turin, but for this purpose the oil must be free from 
naphthalene. 
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be adapted to promote lubrication. But the mixture of non¬ 
solidifying oils, wiiich come before and along with anthracene, 
is really a lubricant, at lias)* after proper treatment, and this 
sort of grease is pretty extensively used at collieries, etc., although 
the heavy paraffin and petroleum oils and rosin oil are far 
superior lubricants, and are nowadays cheap enough to make 
the employment oT cjial-tar oils sup'erfluous. 

In ordy to prepare the latter foi»^this purpose, the phenols 
(commonly called “ acids”) must be repioved. This would be 
done effectually by treatftient with caustic soda; but as this 
is mostly too expensive, the cartgrease manufacturers treat 
thS oils with lime, similarly to* rosin oils, with which they are 
generally mixed. Thenius'^ prescribes gradually adding to a 
hundredweight of crude rosin oil, contained in a retort, 56 Ib. of 
slaked*lime, and heating, with agitation, till the whole is dis¬ 
solved*, ther^ distil for an hour, condensing the vapours. The 
<nass is now allowed to settle and the clear portion is run off. 
On the other hand, cwC of dry slaked lime is mixed in an 
open pan with J cwt. of rosin oil and cwt. of heavy coal-tar 
oil fyeed from acids; the mass is stirred and heated till it is 
quite homogeneous, and is thjn allowed to cool while being 
constantly agitated. From each of the two mixtures thus 
prepared J cwt. is taken and mixed up in a pan; and, with 
constant stirring, a third mixture is added, consisting of 23 lb- 
of meltad ozokerite, i cwt. of heavy coal-tar oil free from acids, 
and J cwt. of heavy rosin oil. The latter mixture is added 
when it has cooled down to some extent, but before it has 
solidified. It rnay be coloured yellow with a few pounds of 
tumeric, or blackish, blue by lampblack. 

Thenius also describes another kind of cartgreas^, made 
of a mixture of a tallow-soap, fish-oil, pota:Sh-soap, and coal- 
, tar-oil. * 

Dumoulin and Coutelle prepare lubricating oil by stirring 
up 2 cwt. of creosote oil, 11 gall, of water, 2 lb. of bleaching- 
Rowder, 2 lb. of soda-ash, and i lb. of manganese, settling twenty- 
fpur hours, decanting the clear liquid,"distilling it, and mixing the 
distillate with qpe-fourth of its weight of rosin oil: this treat¬ 
ment is to remove the “gummy” part of the tar-oils and to 

' Verwerihung des SUinkohleniheers, Zz. (This prescription is c8n- 
sidered nf to™ value by competent authorities.) 
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make them inodorous. Or else the oil may ^e distilled before 
adding the ingredients. 

Employment of Creosote Oil for Lighting. • 

Creosote oil has long been used as an illuminant during the 
construction of harbours, railways, etc., w,he/e the smoke caused 
no inconvenience. ,But Jhis burning in open pans is a most 
wasteful, crude sort of illumination, Thejust-mentione 3 process 
of Dumoulin and Coutfclle wa» intended to make creosote oil fit 
for lighting even dwelling-rooms; bu^ that degree of success is 
very doubtful. In order to get a proper lighting-effect, if is 
indispensable to introduce a jet of air, which prevents the 
formation of black smoke and burns the soot. Hence every¬ 
thing depends upon the construction of the lamps. On6' of the 
best lamps for this purpose is the steam-jet lamp of Hartmann 
and Lucke,* shown in Figs. 150 and 151. The steam-jet serves 
not merely to convey the oxygeri'necessary for combustion, 
but also to decompose the carbon compounds, thus preventing 
the formation of soot and producing an intense light. _This 
lamp can of course be employipd for any cheap petroleum or 
tar-oils, but is specially intended for ordinary creosote oil; it 
does not require a mechanical blast, but may be placed wherever 
steam can be had, and Is thus principally adapted for lighting 
large factory workshops, yards, etc., but not for places which 
require a less intense and more divided source of light. 

In the vessel a, filled with oil, is suspended the air-supply 
pipe b, ending at the top in a funnel, c, provided with a slide to 
regulate the supply pf air to the vessel . Hence the oil must 
flow out of a quite evenly, on MarlotteV principle, the pressure 
being constant. 'It flows through the cock e and the pipe Into 
the dish d (which must be mounteS in a perfectly horizontal^ 
position), where it is lighted and then covered with the funnel/: 
as the oil is difficult to light,* it is first covered with a little 
petroleum. Steam, firsb dried in the apparatus k (Fig, 151), is 
now, very slowly, admitted through the conical, opening in the, 
dish d. As soon as the oil buwis equally aU over the dish, 
which is brought about by regulating the steam-supply, the 
lafinp requites no more attention. If by a wrong position of 
' German patenfNo. 9195, 9th August 1879. 
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the slide at c the dish is supplied with more oil than can be 
burnt, the superfluous portion overflows ^into the annular 
channel round the dish and through'the tube "A into the vessel». 
At first it is best to let it overflow,; afterwards, when, the oil has- 
become hot, its supply is regulated so that the inner part of the 
dish always remains full. To -put out the lamp, the cock e .is: 
shut (so that no more oil flows into the'dish), the steam is 
shut off by the cock k, ajfl the flame is extinguishe^l by putting 
on the funnel-shaped aover /. The oil remaining in d and is 
run into i by opening the tap m.’ This is a threeway-cock, 
which either conveys the oil to the^burner or else discharges it 
into the vessel f. “ * 

The steam admitted underneath the dish d acts mechanically 
by forcing the air necessary for combustion into the flame, and 
also by aspirating the air from without through the o'penings 
beneath the funnel /. The steam also acts chemically upon the 
hydrocarbons, forming a gaseous mixture, which, on combustios, 
produces an extremely brilliant light and no soot. This is not 
attained by ordinary lamps, because in them, when enough air 
is admitted, the flame becomes hotter but not more luminous. 
The steam should be as dry as possible, and the condensed 
water must be allowed to run away. 

. Thus the tar-oil burns*’without wick or chimney, preferably 
in very la/ge glass lamps with reflectors. Such a lamp gives a 
light of 20 ordinary gas-lights or i8o standard candle^ with an 
hourly consumption of about 2^ lb. of tar-oil. The oil-vessel 
holds about ^ gall., so as to suffice for the longest winter 
nights. The lamps need no cleaning or repairing. 

A more recent form of tjiis lamp is.shown in Fig. 152,-jJj 
natural size; this shape costs including package, the glass 
lamp £i;; Wher*e the carriage does pot make the oil too dear, ‘ 
this light is much cheaper than gas-light. ' ,■ 

Another apparatus for the same^purpose has be;pn patented 
by Messrs Lyle & Hannay {&j Great Clyde Street, Glasgow), •= 
under the name of the “Lucigen.” I owe the description 
of it to the kindness of Mr J. B. Boulton. • It consists of 
an oil-tank or reservoir (Fig. p. 670}, fittefl with a special 
burner at the top of a tube, H, which can be made to any length. 
Irfto this reservoir compressed air is introduced by an india- 
rubber nine, this material beinp- used to make the “ T.iir?or«i ” 
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j portable. On the compressed air being let into the tank at A (B 
is a moisture-trap, C a blowt-off cock), it forces the oil up through 
an internal tube, and, escaping«at the same time through D, O, 
. and E, with the oil in the burner J and combustion chamber L, 
produces a spray which is set. on fire. M is a wind-guard, K 
■and N regulating jam-nuts, G a' safety-valve. The pressure at 
which the air is forced kito the accumulator is about i ? lb.; and 



FiC. 15s., 

this is sufficient to supply Uie whole of the lights. A -light of 
about 2000 candle-power is given by the “ Lucigen.” The flame 
is large, and^the light well-diffused, and the eyes are not dazzled' 
by it. It is. claimed by the patentees that the “ Lucigen ” is much 
more distributive in quality than the etectric light, and that it 
;;does not cast such deep shadows; also that it is much cheaper, 
alike in cost and^maintenance,.tf)an either gas or electric light. 

* It can be produced by either air or steam at a nominal expendi¬ 
ture of power, and it does not require any neat’adjustmeitt 
of machinery. The oil used in the Lucigen is the refuse of 
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chemical- and gas-works, and about i gall, per hour is con¬ 
sumed. Owing to the application of pressure, the “ Lucigen,” 



Fig.*b- * j 

when burning, emits a sound resembling steam blowing o^. ’ 
"rtiis, in a confined building, would naturally be very disagree- * 
able; but in the open air the hissing noise emitted is not very' 
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annoying. There is scarcely any smoke from the light; and 
...the smell of the consumed oil is not offensive. The Lucigen 
burns equally will under* heavy rain or spray. It does not 
need any lantern, and has np parts which can be damaged by 
rough usage. 

. 4 n improvement upon the Lucigen light is Grube’s “ Oleo- 
vapour lamp,” shown •Fig. 154. The reservoir is filled by a 
pump, M. tp three-fourths of its capacity wjth creosote oil, the 



• 

air above the oil being compressed, as shown by a pressure- 
.gauge. Thus the oil is forced into the burner R, which, after 
being once, heated up, automatically heats and vaporizes the 
• oiL For this preliminary heating, which takes eight or ten 
minutes, some oily cotton-waste is^ Murned on the plate C. 

' Once the flamer has formed, the vaporization is effected by it. 

. The flame gives^a fine, bright»light, not so glaring as arc-light, 
.without any soot; it consumes 6 litres of creosote oil per hour,, 
and requires no attention except pumping the oil every two hours. 
Such lamps are made of from 1000 to 50CX3 candle-power. 
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A simiiar apparatus is Luther and Rose’s “ Portable Sun-; 
light,” described in the Client. Trade. 202. A steeLs 

cylinder, tested for 9 atmosphere:’ pressure and provided with ' 
a safety-valve, holds the oil; it ip surrounded by a cast-iron' 
jacket. The oil is vaporized by means of a small coke-fire, 
and is passed into the combustion-chamber, where ajr is 
introduced, without a blast or the like, <in such quantity that 
the oil-vapour, issuing under a pressure of 3I atmospheres, is 
burned completely with a dazzling white light. The patentees 
manufacture lamps up to 3000“candie-power, and they state the 
cost= id. per hour for 1000 candles (?). 

The employment of creosote oil for carburetting gas will be 
discussed later on, along with that of other tar-oils (Chapter XL).' 

Application of Creosote Oil as Fuel. 

On pp. 422 et seq. we have discussed the application cf coal- 
tar for heating purposes. Most of the processes and apparatus., 
described there can also serve for buining creosote oil as fuel—• 
an application of that oil which has during recent years more 
and more increased, At tar-distilling works it has always • 
been usual to use any oils which for the time being are 
unsaleable for that purpose, both for heating the tar-stills and 
'for the steam-boilers. But only during the last twenty years 
these oils have found an extensive application as fuel in other 
ways, e.g., for heating the boilers of steamers, for glass-works, 
and for metallurgical purposes. This application is certainly 
partially due to the extraordinary advantages connected with the 
use of tar-oils as fuel; the greatest impetus has been given to 
■ it by th,e over-production of ^uch oils, as jvell as that of the ta*? 
itselfPick, Heizoloder Kohle,y[tnn2., I909, pp. 5 etseqi). This, 
indeed, has generally led to the construction of industrial 
fireplaces to be supplied with liquid fuel. This proceeding, 
originated during the last century ir^ England, in wljich country 
the rapid extension of gas-lighting led to the. production of 
large quantities of coal-tSr,^ far in excess of the demand. This 
state of matters changed, of course, when a constantly increasing 
demand for coal-tar products took place in Jhe industry of 
- aniline- colours, as well as for the purpose of impregnating,'" 
timber, and for the manufacture of patent-fuel, fn 1864, 

' Audouin and St Claire Deville, at the request of the Emperor 
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xvapoieon III;, experimented on the application of the heavy 
coahtar oils for the production of steam. They obtained very 
satisfactory results in that* way, which, however, could not be 
carried out on an industrial ^cale, owing to high prices of those 
oils prevailing at that time (cf. supra). The recent enormous 
extension of the processes of converting coal into coke with 
recovery of the by-products, especially in Germany, has caused 
a corres^oijding application of tar-oils,as fqel for steam-boilers 
and other purposes. ^ « 

' The industrial applicatibn of Mquid fflel for various purposes 
has principally been develojjed in connection with petroleum. 
OrI6 of the first steps in this direction was a patent, granted to 
Bidle, Shaw & Linton, in 1862, for applying this method to 
steani boilers. In Russia Spakowski, in 1866, constructed the 
first bilTner for liquid fuel for steam-boat boilers; nowadays all 
the stumers on the Caspian, and all the locomotive engines on 
^he railways in that district, are worked in this way. 

One of the principal reasons for preferring liquid to solid 
fuel is the great heating-value of the former. H. Ste. Claire 
Deville found the heating-value of the heavy tar-oils of the 
Paris* gas-works (sp. gr. 1-044, containing 82-00 per cent, carbon, 
7-60 per cent, hydrogen, and 10-40 per cent, oxygen) = 8916 
metrical calories per i kg. Rieppel^Z. Verein. deutsch. Ingen,, 

■ 1907, p. 613) states the average heating-value of coal-tar oils 
per k*g. *8999 calories (that of lignite oils = 9720 calories, of 
^ petroleum and the oils obtained from it=9908 calories). Veith 
{Das Erdol, 1842, p. 440) reports on comparative trials, made 
under equal conbitions with the same steam-boilers, in which 
i kg. of coal evaporate^ on the average 7 kg. of water, and i kg. 
petroleum 13-5 kg. W&ter. Piek {/oc. cit., p. 51) gives the 
results obtained by various observers, showing* the evaporating- 
^power for I kg. as follows Jin litres):— 


- • - 

• 

Minimum. 

Average. 

s 

Maximum. 

American cAil . 

6-41 

8.37 

9.64 

English „ . * . 

6.4 

7-83 

9-15 

Prussian „ 

s-98 

8-38 

9-18 

Saxon „ 

8-04 

8-30 

8-30 

Crude petroleum . 

12*00 

13*00 

It-50 

Heavy coal-tar oils 

10*50 

13*00 

13-00 
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Very extensive experiments on the application of coal-tar oils 
for raising steam were made in the months from February to 
August 1910, at the request of'the Deutsche Teerprodukten 
Vereinigung, in the laboratory of,the Technical University at 
Charlottenburg, by Professor Josse, with the assistance of Mr 
Hanszel, with a steam-boiler, fitted with two internal heating- 
tubes. They found the average evaporrrting-power of coal of 
ordinary quality = 6i5 kg, of water, that of coal-tar= 11-7 kg., 
and taking regard of the saving of manual labour, etc., etc., they 
declare that the value of the ■lar-oils for steam-receiving is at 
least twice as high as that of coal. 

The superior heating-value of all kinds of liquid fue^in 
comparison with coal is, in the first instance, caused by its 
chemical composition, but moreover by the fact that it can be 
burned with little more than the theoretical quantity of oxygen 
(air), without losses caused by incomplete combustioni (soot) 
and by combustible substance remaining behind. A further; 
advantage is that the flame of. the oil can be at any moment 
lighted or extinguished. The heating-up of the steam-boilers 
takes place in half the time required with coal. Since there is 
no human labour required for, getting the fuel to the boiler, 
charging it on to the grate, removing the soot and ashes, etc., 
there is an enormous saving of labour. One fireman can easily 
look after ten to fifteen fires. No elevators, mechanical grates, 
etc., are required. There is a saving of from 40 to so<per cent, 
space for the oil, against that of the coal-bunkers, and the oil- 
tanks need not, like the coal-bunkers, be placed close to the 
fires, but at any conveiiient place. At the World’s Fair at 
Chicago there were 52 steam-boilers hfated by petroleum, 
producfng 52,000 horse-power, served by two men and a 
superintendent. ‘ The only drawback of liquid fuel is that some 
descriptions of it at lower temperatures become pasty; but 
in the case of coal-tar oils this can be avoided by the previous 
removal of naphthalene, anthracene, etc., and by ‘keeping the 
store-tanks and pipes warm by means of exhaust-steam. 

In countries possessing no considerable stocks of petroleum, 
■but a highly developed cqal-tar infiustry, fike Great Britain and 
Germany, the tar-oils fill up the gap. Great Britain produces 
u{>wards of'a million tons coal-tar, to which, must be added 
about '65,000 tons of oils, suitable as fuel, frorn the Scotch shale, 
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SO that about 450,000 to 500,000 tons of fuel-oils are at disposal, 
frofn which certainly the amount consumed for pickling timber 
must be deducted. In Germany from more than 1,000,000 tons 
of coal-t^r about 350,000 tons of tar-oils are obtained; and 
about 50,000 of fuel-oil frop lignite-works and 80,000 tons 
petroleum, bringing; up the quantity of oils disposable as fuel 
to upwards of 400,000 tons. And these figures are increasing 
every yea;;! 

In a former chapter (pf^ 338 et j^(7.)»we have described the 
apparatus employed for convertAig coaf-tar into a spray., for the 
purpose of producing heaf b^ its combustion. Similar apparatus 
cah serve for creosote oil, or vvaste oil from working up other 
fractions of coal-tar distillation. The combustion of these oil 

t 

sprays is practically a case of gas-firing; for this spray is 
immediately converted into gases and vapours by the radiant 
heat tf the, fireplace—much more than tar when used in the 
same manner, for there is not, as is the case when burning tar, 
a secretion of free carUon and of bituminous substances. 
Altogether these oils are a much better fuel than raw tar. The 
latter cannot be employed for locomotive boilers, whilst the 
oils are used for this purpose to a considerable extent, e.g,, 
on the Prussian State railways. According to Sussmann 
{J. Gasbeleucht., 1910, p. 477) the employment of tar-oils as 
sole fuel for locomotive engines had been given up ^gain, but 
the oils* had been most successfully employed in connection 
with coal fires, enabling the locomotives to do much more 
work than when they are heated by coal or coke fires, and 
greatly reducing the strain upon the firemen. Quite recently 
attempts have been «igain made to use the tar-oils b^ them¬ 
selves, especially on fines going upwards with a steep slope 
and with restricted traffic.^ According to Pietrusky (Z. angew. 
Chem., 1905, p. 343) the first tank-steamer in which tar-oils are 
the only fu|l was put into^duty in 1904 by the German War 
Office, in order to make the ifien-of-war independent of the 
stores of fuel on land. 

The sprayiwg of tar-oils (for which, apart from the spray- 
producers described supra, p» 338, special apparatus has been 
described by Rispler {Chem. Zeit., 1904, p. 157) and M'Murtrie 
(Ger, P. 163164)) in the case of steam-boilers, distilliiTg- 
apparatus, evaporating-vessels, and altogether wherever the 
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contents of a vessel are heated from without, is mpstly 
produced by means of steam, less fretjuently by compressed air. 
When using steam, this at the Same time draws in the air 
required for burning the oil, and brings it into intimate contact 
with gaseous or vaporized fuel. Possibly the steam itself takes 
part in the burning-process, in so far as its oxygen combines 
with the carbonaceous products, with liberation of hydrogen; 
but, of course, there is no /question of the heating e^ect being 
thereby increased. *■ ^ 

The spraying of the‘'oil by'means of steam is excluded in 
the case of metallurgical processes, in gla.ss-making, etc. It must 
be effected in these cases by compressed air, in the first instaifce ■ 
because when employing steam the temperature produced is 
not sufficiently high (according to Josse it is 1300', against 
1600° when spraying by compressed air); moreover, according- 
to Goulischambaroff, because the free oxygen produced ky the 
splitting-up of aqueous vapour, even in the presence of, 
hydrogen, produces a superficial oxidation of metals, prevent* 
ing their fusing. 

The application of oil-firing in smelting metals, etc., has 
been first made in America, wh/^re the oil at disposal was in 
the shape of petroleum residues or “Texas oil." In that 
country there is an enormous number of crucible furnaces 
heated in fhis way. Recently several European firms, especially 
in Great Britain and Germany, have entered into this'field, 
constructing their plant for utilizing also coal-tar oils as fuel. 
We shall mention some of these constructions, comparing the 
work done therewith with that which is done by coke fires, as 
reported by Teichmann and Bross, m ,Stahl u. Eisen, 1911, 
pp. 843 and 1049. 

For fusing Metal in Crucibles .—The consumption of tar-oils 
is generally stated at 10 per cent, against 14 to 24 per cent _ 
coke. The cost of the fuel is, at present prices, practically the 
same in both cases, but the Other advantages of liquid fuel 
{vide supra, p. 673) have Recently caused several large firms to 
introduce oil-fired furnaces for all new plant, and for replacing 
worn-out crucible furnaces. 

C. Mannel, of Hanover-Vahrenwald, supplies oil-furnaccs^ 
brf the system of Buess, for charges of 75,150, 300, and $00 kg., 
These “furnaces, which have had a full success, consist of. a 
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cylindrical iron vessel, lined, with fireclay, suspended by two 
pifts, and turning on thpse by means of a cog-wheel. In the 
inside space of the cylinder the fusing crucible is placed on a 
fireclay -support The tuyere, passing through one of the 
hollow pins, receives the oil, by natural fall, and air preheated 
,to 100° to 200° for producing the spray, at a pressure of 0-8 atmos. 
More hot air is blftwn in and produces a white, perfectly 
smokelesj flame, which surrounds the crucible and comes out 
through the top cover; it is still furthe? utilized for pre-heating 
the metal and crucible for a fre%h change. The time required 
for fusing the metal varies from thirty to forty minutes, 
according to the weight of the charge. The consumption of 
fuel, varies from 8 to lo kg. tar-oil of medium quality per lOO 
kg. metal. The crucible always remains in its place, and lasts 
for flirty operations and upwards. These furnaces have been 
widely intrpduced in'German foundries for bronze, grey metal, 
and precious metals. 

Other descriptions of* oil-fired crucible furnaces, e.g., thosa 
constructed according to a patent of Helbig, have also been 
wic^ely applied in Germany. 

For melting large charges Qf metal and for glass-making, oil- 
fired furnaces dispensing with a crucible have been introduced, 
principally in America, eg., the Schwarz furnace {Z. f. prakt. 
Maschinenban, IQIO, p. 1781). Here the oil is blowp in at the 
top through a tuyere, and the flame strikes the metal directly. 
These furnaces are built up to a capacity of 8 tons of metal. 

For the chlorinating-roasting of metallic sulphides, according 
to Pietruski angeiv. Chem., 1905, p. 343), tar-oil fired furnaces 
have proved a greaL success. The process lasts only forty 
minutes, against two and a half to three and a half fiours by 
ordinary fires. 

Tar-oil furnaces have also been widely introduced for 
metallurgical furnaces of ^various descriptions, for hardening, 
welding, enamelling, etc., going* up to a temperature of 1800°, 
and easy to regulate. In the “ Calorerf ” and “ Empire ” furnaces 
■of Gebruder Coye in 'Rsr\{n {Ger. Musterschutz, 283543 and 
366951) there is a saving of 60 per cent, against heating by coal- 
gas. Rockwell & Co. at New York build continuously and auto¬ 
matically acting furnaces, of a duty of 250,500, and 750 kg., \6ith 
a consumption of 15, 20, and 30 kg. (respectively) of fuel-oil. 
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Irinyi (Ger. P. applied for) has constructed a tar-oil/ 
burner, working without steam or compressed air, which serves 
equally well for domestic fireplaces and for the largest steam- 
boilers, dispensing valves, floats, and. other easily damaged parts. 
Koehler (Lunge and Koehler’s Sieinkohlenteer und Ammoniak, 
1912, i., p. 680) convinced himself of the excellent working 
of Irinyi’s burner which for heating # room of 100 cb.m. 
required 400 to 500 g. taf-oil per hour. 

The application of tir-oil firing tq a Siemens-Martin furnace 
by the R. Wolff Aktien-GeselllJchaft'at Magdeburg-Buckau, in 
lieu of producer-gas*, according to S^tahl u. Etsen, 1914, p. 1424, 
has been very successful. 


Application of Creosote Oil as Fuel in Explosion Motors 
and Caloric-motor Engines. 

Explosion motors, worked by ^ oils boiling only at high- 
temperatures, were first constructed in 1897 by Diesel, by means 
of very high compression, fusing crude naphtha, masud, 
paraffin oil, etc. The attempts at employing heavy tar-oil? for 
this purpose were at first unsuccessful, as reported by Muller 
{Petroleum., 1910, p. 356), Kutzbach {Z. Verein, deutsch. Ingen., 
1907, p, 521), and Rieppel \ibid., p. 613), This task was finally 
solved.by piixing the creosote oil with from 3 to 5 per cent, easily 
inflammable oil, for which purpose oven tar-oils of lower'boiling- 
points (150° to 180°) can be employed. Diesel motors working 
in this way are built by the Gasmotorenfabrik Deutz and by 
the Maschinenfabrik Augsburg-Niirnberg, and employed 
especialjy in Germany and Russia. 

British patents for the usq of creosote oil in explosion 
motors have been taken out by Bosv^ell (B. P. 22853, of 1904), 
and by Albone and Boswell (B.’P. 24449, of •904)- 

A comprehensive paper on the application of creqsote oil for 
heating and motoric purposes* was read by Hausenfelder on 
14th January 1912 {StaMlu. Eisen, 1912, p. 772). 

Application of Creosote Oil for Pickling Timber. 

This has become an industry of great importance, morei 
especially for railway sleepers, telegraph poles, and piles used 
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for harbour piers. Most of the oils distilled from coal-tar 
is employed for this purpose, and we can trace the first 
development of tar-distillmg»to the demand which arose for 
such oils consequent upon tl;e introduction of Bethell’s process 
•(1838). 

The history of timber-preserving in general, and that of 
the “ creosoting ” process in particular, has been given in several 
publicatioijs, of which especially th^t by, Mr S. B. Boulton 
(“ On the Antiseptic Treatment of Timber,” Proc. Inst. Civ. 
Eng., 1883-84, vol. lxxviii.,*pp. 4 rr Contains much original 
matter; this subject is alA3 treated by Adolf Mayer’s Chentische 
Tffthnologie des Holzes (Braunschweig, 1872), Buresch’s Der 
Schutz des Holzes (2nd ed., Dresden, 1880), and Heinzerling’s 
Die Conservirung des Holzes (Halle, 1882). To those treatises 
we refer for a description of the technical part of creosoting 
which^oes ,not come tvithin our domain, and for more detailed 
statements regarding this subject in general. 

Tar and pitch were usrtf for.painting or smearing wood in 
the remotest antiquity ; special instances of preserving timber 
froin decay are related in connection with the platform on 
which stood that wonder of tjie world, the statue of Zeus by 
Phidias, at Olympia, and with the famous wooden statue of 
Diana at Ephesus (Boulton, p. 5). 1 The preservation of the 
Egyptian mummies may to a great extent be placed in the 
same* category. But we must take a wide step in history 
before we meet with any widespread application of antiseptics 
for wood. Apart from a few isolated trials with various 
antiseptics ma'de during the eighteenth century, we find 
practically nothing dyne in this line till the beginning of the 
present century, althdugh the records of the, BritisS Patent 
Office contain lists of almost every conceivaUle antiseptic from 
the year 1768 (Boulton, p. 8). But it is since the birth and 
growth of the railway system that the antiseptic treatment oi 
timber has received its most important development. By the 
year 1838 the four systems of timbec-preserving which alone 
are now employed were fairly beforfe the public, and competing 
for the favour of engineers,/)amely:—(i) Corrosive sublimate 
known since 1705, again introduced by J. H. Kyan; (2) 
sulphate of copper, known since 1767, principally introduced 
jby Boucherie; (3) chloride of zinc, known since 1815, patented 
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again by Sir William Burnett; and, lastly, (4) heavy oil of tar, 
afterwards called creosote oil, patented by John Bethell. ' • 
We shall, of course, occupy ‘ourselves only with the last- 
mentioned process, which, moreover, has far outstripped the 
other three in importance, and in England has entirely 
extinguished its rivals. Vegetable tars, or extracts from the 
same, were used for timber-preserving,'both in England and 
America, as early, as ,5/56 (Boulton, p. 10). T,he first to 
mention the products of the distillation of gas-tar for 
impregnating timber' was' Franz Moll (B. P, 6983, 
January 1836). He proposed to employ, at the commencement 
of the operation, the oils lighter than water, which he called, 
“ Eupion,” and afterwards the heavier oils, which he called 
“ Kreosot,” Both names were taken from Reichenbach’s 
investigation of the products obtainable from wood-taf, as it 
was not known at that time what fundaniental difference exists 
in the composition of wood-tar and coal-tar. Real creosote • 
in Reichenbach’s sense, does not bccur in coal-tar; but the 
phenol contained in the latter was for a long time confounded 
with Reichenbach’s creosote. Moll’s process, so far as the 
application of light oil was concerned, was manifestly un¬ 
practical; but the stimulus was now given for employing the' 
products from coal-tar in'»that line, and in 1838 followed the 
practical introduction of the process by Mr John Bethell. The 
terms “ creosote ” and " creosoting,” now generally used in this 
connection, are due ‘to Franz Moll; they do not occur in, 
Bethell’s patent, which contains a list of no less than eighteen 
various substances, mixtures or solutions, oleaginous, bituminous, 
and of rnetallic salts. Amongst them is g mixture consisting of 
coal-tar, thinned with from one-third to bne-half of its quantity 
of dead oil distilled from coal-tar; arid as late as 1849 Bethell’s 
licenses mention the admixture of gas-tar. In those times 
inspectors frequently refused to allojv the dead oils,to be used 
without being thickened with tkr (Boulton, p. 14), as it was not 
understood that the pitch was only an impediment to the 
injection. This must have been recognized vsry soon after. 
The dead oils came into use alone; and there crept into the 
specifications the contradictory prescription that the wood was 
to' be creoso'ted according to Bethell’s patent, but that the 
creosotfe was to be free from adulteration with coal-tar. 
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Coal-tar creosote has been recognized as superior to lignite 
oils', rosin oil, etc., because it contains not merely phenols, like 
these, but also basic subkances which with the phenols and 
unsatura^ed hydrocarbons fprm resin-like combinations, filling 
up the cells and protecting them from destruction. Some 
Gecman railway companies positively forbid the employmenf 
of creosote oil, containing upwards 6f 2$ per cent. lignite oils 
for pickling their sleepers. ♦, , 

The apparatus now universally employed for impregnating 
timber, both with creosote oil nnd clfloride of zinc, was firsi 
introduced by Bryant, director of the Paris Mint, in 1831, whc 
erilployed it for injecting linseed oil and rosin. The principle 
of Brdant’s process was adopted by J. Bethell, and greatly 
improved by himself and H. P, Burt.. Their apparatus, as 
constricted above seventy years ago, has been adopted every¬ 
where* in ajj its essential features, and is minutely described ir 
the above-mentioned treatises ; it is still used everywhere for the 
above-named purpose, arfj has been improved in details. Il 
consists of a very strong, horizontal, wrought-iron boiler, 6 01 
7 ft in diameter, 30 to 60 ft. long, and f in. thick. The timbei 
is placed on iron bogie-frames„which are run upon rails into the 
cylinder, whose front is then firmly closed by a cover. The ait 
is now exhausted till the air-gauge* indicates about | or J oi 
an atmosphere; communication is now opened by a cock with a 
tank holding the creosote oil, heated to a temperature of about 
100°, at which it should be perfectly fluid. The oil at once 
rushes into the vacuum and deeply penetrates jnto the pores ol 
the wood, whilst at ordinary pressures the air contained in the 
pores would pertinaoigusly resist the entrance of the oil. When 
no more oil is sucked ilp, a force-pump is started, whiefi presses 
more oil into the cylinder^till a pressure of 8 8r 10 atmospheres 
has been attained. This is kept up for several hours; and the 
wood in this operation absorbs on an average nearly a gallon 
per cubic ioot. • 

The plan of injecting creosote oils or similar substances in a 
state of vapoui^ which has been several times tried (Lukin, 1812 ; 
Franz Moll, 1836 ; Bethell, 1864, etc.),could not possibly answer, 
■ Timber is weakened by exposure to a temperature much 
exceeding 120°, and is seriously injured at 150°; bdt theboilitig. 
point of creosote oils ranges from 200° to about 370°. Hence 
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its vapours" can only be injected into wood under siich conditiphs 
of temperature and pressure as will destroy the value of'the 
timber; and experience has proved this to be the case. Nor 
has the application of superheated steam, passed,, through 
creosote oils, met with much more success (Boulton, pp. 30, 31, 
and below). 

One difficulty of the creosoting proaes's is the presence of 
tnoisture in the timber to,be preserved. In the fres^-cut state, 
or as it is taken from the timber-ponds, it is not' in a fit 
condition for creosoting, and must bfe stacked first from four to 
six months. Many methods have been tried for artificially 
drying the timber, in order to-do'"away with the necessity of 
long stacking, which is extremely cumbersome or even impos¬ 
sible when piles, etc., have to be sawn from larger logs, for 
immediate use in harbour-works, etc.; but they have ah been 
abandoned, as, if the heat applied is really efficient,in expelling 
the water, the woody fibre is sure to be injured in the process. 
Vohl' made a proposal which, if'it were successful, would 
obviate the difficulty, by converting the creosote from an oily 
into an aqueous fluid; namely, adding enough solution of 
caustic soda to the creosote t<ji make Jt miscible with'water, 
impregnating the timber with this liquid, and ultimately 
“fixing” the creosote with„a dilute solution of ferrous sulphate. 
But as this process w'as evidently never carried out on a manu¬ 
facturing scale, nothing further can be stated respecting it 

Another way out of the difficulty is to apply the creosote oil 
in a heated state, so that the water contained in the timber 
evaporates during the operation. A process founded upon this 
principle, but evidently imperfect in othei; Bespects,was invented 
by Pelton, and, according to a report madfe by Ott in 1874,^ seems 
to have been largely employed m America at that period. It 
consisted in placing the timber, in the green state, in iron 
cylinders, covering it up with creosote oil and heating this for 
some time up to 100° or 110°,'until the water was evaporated, 
and running in fresh cold oil. This causes the hot oil, already 
contained in the cylinder,'to penetrate into th« pores of the- 
wood, a partial vacuum being formed fiy the cooling. The 
apparatus is figured and described in detail in the report quoted, 

' Dingl. polyt. /., cxviL, p. 448. 

* (Vagner’s fairesier., p. 959, 
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’It is very doubtful whether in 
this way the impregnation will 
be thorough ; the very imperfect 
vacuum, and the absence .of 
pressure at the finish, make this 
v^ryainlikely. Pelton’s process 
does not seem to * hjtve been 
very' successful, for, according 
to a communication from ^Mr 
S. B. Boulton, a committe’e of » 
the American Society of‘Civil 
Engineers, in the report on*the» 
preservation of timber, pre¬ 
sented and accepted at the 
Annua? Meeting on the 25th 
June 1885, dpes not even men¬ 
tion Pelton’s method among 
the many different proefisses • 
described. 

T.he object in quest, how- 
"everiis completely attained by, 

S. B. Boulton’s process (B. P. 
1854, of 1879). The timber is 
placed in the ordinary high- 
pressure’ereosoting cylinder (A, 
155)1 which is provided 
’with a somewhat high dome, a. 
After the air *has been ex¬ 
hausted in the usual,way, the 
creosote is introduced‘through 
the pipe ^ at a temperature a 
.little above 100°; but it is not 
allowed to jise quite to the^top, 
so that the dome a is always* 
kept empty, and the creosote is 
xiot drawn through the exhaust- 
pipe. The boiler B ’serves for 
heating up the creosote. The 
exhausting process is continued, 
•By means of the pump C, until 



Fig. 155. 
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all the moisture contained in the pores of the timber has 
been vaporized by .the heat of the creosote oil, and has 'been 
drawn away in the state of vapour by the air-pump.' As the 
temperature employed is much, below the boiling-point of 
creosote, this liquid is not turned into vapour. The aqueous 
vapour is drawn through the dome a, is condensed by passing 
through the worm D, and the water* is collected in the 
receiving-tanks E, F, p-here the quantity extracted can be 
measured. The timber may be, introduced quite Wet; the 
water it contains is replaced by creosote, as much as 50 gall. < 
per truck-load of timber, say tohs, without ever subjecting 
the wood to dry heat. The* process of injection can Ithen 
be completed by means of the pressure-pumps G in the usual 
manner. That is, when no more oil is drawn in by suction, 
more oil is injected by means of a force-pump until a pressure 
of from 8 to 10 atmospheres has been reached, vi^ich is 
continued for several hours. According to the rule enacted, 
by the administration of the Prussi&n State Railways, a sleeper 
of a length of 270 m., holding about o-ii cb.m., should contain 
at least 36 kg. tar-oil. 

Boulton’s process, if appliefi to very moist timber, involvel 
some additional cost and a few more hours, but not so much 
time and money as is required for stoving the timber, apart 
from the risk of deterioration Incurred thereby; while for 
drying by stacking the timber for six months, the interest and ; 
the value of the place occupied must be set off against the 
cost of the new process. " 

A process patented by Blythe, of Bordeaux (Ger. P. 1,0423), 
essentially consists of injecting superheated steam into creosote 
oil, and allowing the mixed vapours bf steam and creosote 
oil to act upon 'the wood contained in a closed boiler. The 
process has been extensively used in France, but with very, 
unsatisfactory results.^ A sleeper which, acebrd^ing to the 
process usually followed in Germany, would take up 18 kg. 
of creosote oil, absorbs only 11 kg. in Blythe’s process. « 

The Berlin-Anhaltische Maschinenbau-Aktlen-Gesellschaft, 
(Ger. Ps. 189232 and 195878) performs' the impregnation of 

‘ Cf. Claus, Wagner-Fischet’s Jahresber. d, chem. Techn., 1883, p. 120a, 
'where many interesting details are given concerning the results of different,,, 
methods of pickling timber. 
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by means of the vapours evolved in the coking of 

coal.' 

•A proposal has been *mE(de by Behrens (Ger. P. appl. 
B48862) tp employ the tar-pil after diluting it with volatile 
substances, viz., benzol or petroleum spirit, and recovering 
the diluents by steaming the pickled timber; but this process 
has not turned out wel>, and moreover involves a considerable 
risk of inflammation, wherefore it has, beeij abandoned. No 
more successful have been,the attempte at introducing the 
tar-oil into the timber in 'the shape of an aqueous emulsion 
(Ger. Ps. 53691, 117263, 1^1,167, 139441, 148794, 151020, and 
I52f79). * . 

Attempts have been made to treat the timber by tar-oils 
in the state of vapour, but they have failed because the oils 
only volatilize at temperatures upwards of 250° or 300“, which 
is more«than,the timbe'r can be exposed to, and because, more¬ 
over, the tar vapours condensed to liquids in the upper layers 
of the wood. *' 

We shall now describe the process of creosoting timber, as 
carried out during many years in the various large establish¬ 
ments of Jul. Rutgers.—The sleepers are exposed in stoves to 
a temperature gradually raised to 130° C., and are thus treated 
for at least four hours, until no more«aqueous vapour is given 
off and the sleepers are uniformly heated. The sleepers are 
introduced while hot, being left on the same bogie, into the 
creosoting cylinder. After this has been closed air-tight, a 
vacuum at least as low as 55 mm. ( = 2 in.) mercury is produced 
within thirty minutes, and is kept up during another thirty 
minutes. The cylindei is now placed into communication with 
the tank holding the \^armed-up creosote oil, and, after being 
filled with it, is brought urrter a pressure of at* least 6| atmos- 
.pheres for upwards of one hour. Beech-wood sleepers should 
be either st^ve-dried or stemmed in as fresh a state as possible, 
before the sap has begun to fermdht. Stoving is difficult, because 
beech-wood has a tendency to split; it is therefore preferable 
to steam the timber till the temperalure exceeds 100° even in 
the interior, and to remove tf^ sap during the same process by 
lixiviation. When the pickling is to be performed by aqueous 
solutions, the steamed sleepers are best submitted directly to 
rthe impregnating process; but in the case of tar-oils, the 
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timber must be first air-dried, which in spring or summer takfcs’ 
two or three months. Well-prepared and properly impregtiated 
beech-wood sleepers do not suififer in comparison with those 
made of any other description of wood. The wood js impreg-, 
nated all through; it remains hard and tough; and the bolts 
hold quite fast in it, as has been proved many times with, rails 
which had been in use for a long time. ■ 

Many attempt? have been made to obtain complete 
saturation of the wood by comparatively small quantities of 
tar-oil. Heise (Ger. Ps. 154901 and' 174678) and Guido Rutgers 
(Ger. P. 186530) tried to produce t'nis result by saturating in 
the first instance the outer layers of the wood with the total 
quantity of oil, and causing this to penetrate into the inner 
layers, so as to attain a uniform impregnation, by means of 
hot water, steam, or hot high-pressure gases. The process of 
employing hot gases under high pressure (styled, in America, 
. the “ creo-air process,’’ for which Julius Rutgers obtained a 
U.S. patent) made it possible to Confine the quantity of oil, 
taken up by a standard sleeper, to an average of 7 kg., against 
36 kg. taken up by the old process, but the conservation pf the 
wood is not quite as good as ,by the old process of filling up 
all the pores with oil. 

In the modern evaemting processes larger quantities of 
tar-oil than are to remain permanently in the timber are forced 
into it by means of high-pressure pumps, and the excess of 
oil is subsequently removed by the action of'a vacuum. This 
process, which is based exclusively on the expansion of the 
air contained in the pores of the wood, necessitates the’ 
renunciation of driving the oil into allJthe pores. This draw-, 
back is avoided by the process of ‘‘hollow impregnation,” 
worked out by M. Riiping, and protected by the Ger. P. 
138933. taken out in the name of C. Wassermann. It is. 
nowadays widely applied, and its advantages are refognized by 
the public bodies concerned. Whilst by the old process i cb,m. 
of pine-wood requires labout 325 kg. of tar-oil, the Riiping 
process allows of attaining a thorough impregnation with only. 
;SO to 60 kg. tar-oil, since only the cell-walls take up the oil, 
the inner space of the cells remaining empty. In the Riiping 
process (which has been introduced into many of the establish- , 
ments belonging to the Riitgerswerire Aktien-GesellschaftJ' 
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the timber is taken in its ordinary, air-dried state, and before 
impregnation saturated. with compressed air at pressures 
varying according to the quality of the wood, but never 
exceeding;4 atmospheres, the same pressure being maintained 
in the impregnating cylinder and in the store-basin for the 
tar-qjl, placed at a higher level. This oil is heated to 95°, and 
on opening a val^^e <runs by the force of gravity into the 
pickling-cy^inder, placed at a lower levj5l, ui;;til that cylinder is 
quite filled, the oil forcing^the air from this cylinder into the 
tar-reservoir, and completely surrounding the timber. At this 
stage the timber is on the outside completely surrounded by 
tar-t)il, but the cells and other- hollow spaces are filled with 
compressed air, which at this stage prevents the oil from 
penetrating into the wood. Now the tar valves are closed, 
and thS pressure is increased to 7 atmospheres. At the same 
time i»ore tar-oil is'forced into the pickling-cylinder, and 
completely soaks into all impregnable parts of the timber; 
the air contained in the cftlls ia still further compressed, and 
forced into the inner spaces of the wood. As soon as the 
wood has taken up a sufficient amount of tar-oil, the pressure 
is released, whereupon the compressed air contained in the 
cells expands and throws out the oil not soaked up by the 
cell-walls, which then goes back injo the store-basin. The 
principal action of this process is; that more tar-oil is forced 
into tlie^wood than this can ultimately retain, and tfiat hence 
the wood becomes thoroughly soaked. In order to facilitate 
the expulsion of the excess of tar-oil, the wood is exposed to a 
vacuum for some time. The amount of pressure of the air and 
the liquid, as well as.tjjie temperature of the oil and the time 
during which the pressfire is maintained, are regulated accord¬ 
ing to the quality of the'wood and the amount of moisture 
contained in it. 

Scientific investigations on the conserving action of tar-oils 
(Seidenschnur, mde p. 690) Tiave shown that wood containing in 
its permeable parts only 7'5 kg. tar-ofl per cubic metre resists 
ail the, attacks*of micro-organisms for many years. Since in 
the Ruping process fhe pine-wood takes up from 50 to 60 kg. 
tar-oil per cubic metre, there is a seven- to eight-fold security 
produced. 

According to Schneidt {yide infra) the Ruping process in 
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the year 1909 was in use in various countries by forty Wood*' 
impregnating works, in which nearly 4 million cubic metres of 
wood were treated by it, most of At ih Germany and the United 
States. ^ ‘ 

Chaligny and Guyot-Sionnest have constructed a travelling 
apparatus for pickling timber, mounted upon two railway 
trucks, which enables the pickling operr.tibn to be performed 
at every railway station ^(Armengaud’s Publication Industrielle, 
1884-85, vol. XXX., p., 295 ; Dingl. polyt. J., vol. cclx., p. 75). 
Such apparatus, of their own construction, is also employed 
by Messrs Burt, Boulton, & Haywood in their French 
establishment. 

Drittler (Ger. P. 75805) employs an apparatus for simultane¬ 
ously exhausting the air and forcing in the pickling liquid. R. 
Schulz (Ger. P. 53854) and Liebau (Ger. Ps. 50295 and‘52893) 
try to avoid the necessity of pickling' at special wa'cks by 
applying a small apparatus for that purpose to the felled trees 
themselves. 

Altena (B. P. 15631, 1906; Ger. P. 175691) places the wood 
in trucks which are run on to a stage near the top of a vessel 
resembling a gas-holder. This vessel can be raised or lowered 
above a reservoir containing the impregnating liquid, by admit¬ 
ting or withdrawing compressed air from it. When it is in 
its lowest position, the charge of wood is completely covered by 
the liquid. Air is then quickly admitted so as to wise the 
vessel, and, at the same time, to force the liquid into the wood, 
the operation being repeated if necessary. Special means of 
regulation are supplied to guard against too rapid an ascent or. 
descent of the vessel. 

D. de Nagy (B. P. 12427 of I9i3)'in carbonizing timber, 
soft coal, lignite)' shale, and pe'at ii> piles without retorts ‘or 
ovens, arranges chambers beneath for creosoting timber by^ 
means of the distillation products. 

Many other apparatus have tieen patented for pickling 
timber, into which we eannot enter here. 

Special Treatment of Creosote Oils for theiie. Application to 
the Conservation of Woods. —M. 5 'rank (Ger. P. 139843) .digests 
coal-tar with. 10 per cent, of brimstone up to the point where 
the evolution of hydrogen sulphide ceases. This treatment,^ 
according to him, imparts to the oils a remarkable conserving 
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property, especially if they have been previously deprived of 
the acid constituents (phenols), and therefore consist entirely 
of neutral oils. * • 

Kroja;}ker (Ger. P. 22749?) prepares tar-oils for impregnat¬ 
ing purposes with a high percentage of bitumen and resisting 
the effect of cold weather, by mixing i part of tar with 0 9 
part crude benzol anc* removing the' free carbon by a filter- 
press. Thg filtrate is freed from the 9cjlvent,by distillation with 
steam, and the residue mixe^d with tar-oii. The washed carbon 
is purified and can be employed f@r the ftianufacture of electric 
carbons. The oil, preparAl in this way, does not secrete any 
soliti substances when exp(?sed»to cold; it is therefore easily 
transported, stored, and handled. 

The advantages of pickling wood with tar-oils, or “ creosoting,” 
are bcfth chemical and mechanical. The principal chemical 
action <»f coahtar creoSote was formerly ascribed to its “ acids ” 
the phenols—which certainly coagulate albumen, and con¬ 
sequently render animal life?fmpo6sible. This, together with the 
now universal supposition that putrefactive decay can only occur 
in the presence of microscopic organisms, whose vital process is 
an indispensable condition of ^t, would by itself explain why 
timber impregnated with phenol cannot decay, provided that 
the phenol is-not removed again by, washing, etc. Hence the 
value of creosoting-oils would correspond to their percentage 
of phenols. But this opinion is generally contradicted now, and 
it is held that the “indifferent oils” participate essentially in 
the preservative action of coal-tar creosote. In any case the 
last-mentioned oils play a principal part in the mechanical 
effects of creosote »i^ which are no doubt very important. 
The oil, being forcibly drawn into the wood by a vacuum and 
then driven in by high pressure, closes up alf pores and, as it 
,were, agglutinates all the parts so that no water can penetrate, 
without which living organisms cannot develop and the wood 
cannot decay. Even larger insects and other vermin are kept 
away by the smell of creosoted wood, fl'his smell, however, has 
its drawbacks.. It is sometimes so ’strong in pits fitted with 
creosoted timber that*the mep suffer a good deal from it, and 
the demand has even been raised to forbid the use of creosoted 
timber for coal-pits, etc., for this reason. Nor must it be ov*- 
looked that the danger of fire in the pits is decidedly increased 
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thereby. It is therefore advisable to paint the creosoted timber 
with a silicate-of-soda paint, or something like it, which both 
stops the smell and prevents any»dafiger of fire. 

There are many undoubted instances of creosoted timber 
used for piers in salt water having successfully resisted even 
the formidable Teredo navalis during a long series of y/sars; 
but there are also failures, .sometimes in thd same waters where 
the successful cases have occurred. The failure is caused either 

» e I 

by the outer or creosoted part of the wood having been broken 
or cut off by the workmen in the process of construction, so 
that the worm could get into the irfeide of the timber; or by 
creosoting the wood in the v/et 'state or imperfectly; of by 
employing creosote which is too thin, light, or volatile. Wood 
intended to resist marine insects should receive a heavier 
dose of creosote, and is better employed in the rourfd state 
than squared, because the sap-wood more readily absorbs the 
creosote than the heart-wood, and thus forms a protecting 
girdle against the worm, (Private communication from Mr 
S. B. Boulton.) 

Creosoted stakes in vineyards are said to keep out the Phyl¬ 
loxera [Polyt. Notisblatt, 1886, p^. 304); but this does not seem to 
be quite certain. In the Hessian Rhine province, where all 
stakes are creosoted, that,parasite has not been found, although 
it occurs in other places not far distant. The assertion that 
such stak'es impart a creosote taste to the wine is absuKl,'and is 
entirely refuted by the experience gained in Hessia. 

The Arad-Csanad Railway Co. (Ger. P. 53691) asserts that 
the pickling of timber is improved by following'up the ordinarily 
used salts of iron, zinc, and copper by a rosin-creosote soap 
(creoliri, p. 658). Similar proposals had been previously made 
by Vohl (p. 682), Kretzschinaf {Chmi. Zeit., 1889, p. 31), and 
Wolniewicz {ibid, 1889, p. 1089). *" 

The creosote treatment is also applied to sails, ship’s ropes,, 
fishing-nets, etc., and protects these Setter than the usual tarring. 
The objects are first “tanned” by treating them with a dilute 
solution of glue and then with a bath of tanner’s bark. Thus 
glue is precipitated within the vegetable fibre, which is now 
enabled to fix the creosote oil in the subsequent treatment and 
retain it evesi in sea-water. 

Seidenschnur (Z. angew. Chem,, 1901, p. 437) made numerous 
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bacteriological investigations upon the efficiency of coal-tar oil, 
frofn which the acid constituents (the phenols) had been 
removed, for preserving wood, tomparing its action with that of 
zinc chloride. His experimejits, carried out with the employ¬ 
ment of Penicillium glaucum and Mticor mucedo, showed that 
the destroying action of taf-oils on these organisms has no con¬ 
nection whatever with rtieir contents of phenols. It is indifferent 
whether thg oil contains much or little or nothing at all of these 
“tar-acids.” The action of foal-tar, depiived of the “acids,” on 
those fungi was three times as strong a? that of zinc chloride, 
and the presence of 0-3 phr cent, of it in the soil completely 
stofTped the growth of the fungi. Later on [Chem. Zeit, 
1909,,No. 77) Seidenschnur impregnated wood sleepers, with 
progressive quantities of acid-free tar-oil, and exposed the 
wood to the wood-destroying fungi, to dry-rot fungus {Merulius 
lacrymoms) ^nd to 'Polyponis vaporarius. The oil was 
emulsionated by rosin-soda coap, the emulsion containing the 
equivalent of 6 per cent, tar-oil. ‘The experiments showed that 
the application of o-8 kg. of tar-oil per sleeper sufficed for 
protecting the sleeper, so that the impregnation of the sleepers 
on the large scale, when they talge up 7 kg. of oil, effects a nine¬ 
fold security. From impregnated sleepers which had been in 
the railway track for sixteen years,»and showed no trace of 
deterioration by rot, an oil was extracted which consisted 
almost entirely of high-boiling hydrocarbons, containing neither 
phenols, nor bases, nor oils of low boiling points. 

In any case the neutral oils play an important part in the 
physical action of creosote oil, which is of the highest importance, 
by preventing water frejm getting ^t the wood, withouj; which 
no putrefaction can set i*n. Large insects and fther vermin are 
kept off by the smell of th| creosoted wood, which resists even 
ihe attack of that terrible worm. Teredo navalis, during many 
years. Thij has been provqjl several decades ago in England, 
France, Belgium, Holland, and by the anfiual reports of the 
German Naval Office. 

The impregnation with tar-oil, moreover, imparts to the 
wood an increased mechanical •strength, ?imomt\ng to 12 to 18 
per cent., according to a Report of the German Office of 
Telegraphs. 

Christian! (who holds a high place in that German Office 
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reports on the use of various conserving agents applied 
to wooden telegraph poles. The average life of these is:— 
Poles impregnated with cupric sulphate . 117 years 

„ „ mercuric chloride . 137 „ 

„ „ tar-oil . . 20-6 „ 

Poles employed without impregnation , 77 „ 

The fw/ of one cubic metre of such p'bles per annum is : 


Impregnated wnh cupVic sulphate . . 4-14 marks 

„ zinc chloride ' . . 4-05 „ 

„ ta^r-oil ' . . . 3.01 „ 

„ mercuric chloride*. 3-86 „ 

Employed without impregnation *■ . . 5.30 „ 


Quite analogous results have been obtained by the French 
Eastern Railways. As to the details of these trials we must 
refer to Schneidt {Glaser's Annalen, 1910, Ixvi., No. 785), and 
to the same author’s Die Beschaffung und Verdsetidung ^uchener 
Eisenbahnschwellen, 1910, p. 24. , ^ 

Clark (/. Soc. Chevt. '1890, p. 1005) reports at length 
on the experience gained in America by pickling wood with 
coal-tar dead oil on the one hand, and with wood-tar creosote on 
the other. The former contains less water and is more easily 
treated in the creosoting cylinder. The wood-tar creosote is 
free from ammonia, less* volatile, and less soluble in water, so 
that the \idvantages and drawbacks nearly counterbalance. 

Another report on the application of the various wood¬ 
preserving processes has been made by Charnute in Eng. and 
1900, p. 606. 

Ziffer {Stahl u. Eisen, 1911, p. 364) gives the following com¬ 
parison of the duration of .railroad sleepers, made of various 
descriptions of wood, and treated by^ various methods:— 


Description of 
wc^. 

< 

Daration (years). 

Not 

impregnate. 

« 

* Impregnated with* 


Cupric 

sniphate. 

Zinc 

chloride. 

Zinc chloride -f 

10 per cent. tar«oil. 

c* 

Tar'Oil. 

Oak . 

12-15 

14-16 

16 

18-20 

25 

Beech. 

2-3 

15-18 

5-8 

14-16 

30-35 

•Larch. . ' . 

6-8 

12-15 

9-15 

15-18 

18-24 

Pine or fir . 

5-7 

6-12 

7 -ia 

13-15 

15-18 
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A detailed report on the conservation of wood for railway 
sleepers, telegraph and telephone poles, water-works, coal-pits, 
etc., has been made by ShipTey {Industrial Progress, 1909, i., 
p. 539), According to him -at that time the railroads in the 
United States used up more than a hundred millions of 
sleefJers, only 16 to ^ojjer cent, of which were protected against 
destruction by being impregnated with various agents (apart 
from the, wood used for telegraphic and telephonic poles, in 
coal-pits and other mines? and in hyfiraulic plants). Non- 
impregnated sleepers last^ in the Southern States only three 
yeap, in the Northern Statps from five to six years; sleepers 
impregnated by modern methods from twelve to fifteen years. 
Wood employed for marine constructions in the Southern 
States,lasts only about three years, in the Northern States 
from five to six yeafs; impregnated wood, from twelve to 
fifteen years* Such wood is at the southern coast destroyed 
by the Torcdo after a twelvemonth if not impregnated, whilst 
timber impregnated with 20 lb. creosote oil per cubic foot lasts 
for twenty years. According to “ Iron Age,” 24th March 1910, 
212,000 tons of tar-oils were consumed per annum in the 
United States for pickling railjoad sleepers, only 30 per cent, 
of which was produced in the States. In 1909 the consump¬ 
tion of creosote oil in the United States was 51,431,212 gall.; 
73 pen cent, was imported from abroad. • 

At the Annual Meeting of the American Wood Preservers’ 
Association at Chicago, in January 1915 (as reported in Z. 
angew. Chem., 1915, iii., pp. 209 et seqi], several communications 
were made concerning the behaviour of creosoted railroad 
sleepers, etc. J. H. Waterman stated that undoubtedly the 
creosoting process was suj)erior to all others for conserving 
sleepers or other descriptiens of timber. Such sleepers hold 
out for twenty-five years, unless they have to be removed before 
this on account of mechanicad wear and tear. L. F. Shakell 
described his experiments on the poisonous action asserted by 
coal-tar creosote on \tood-destroying molluscs, which are less 
pronounced wiffi the fvigher-boiling fractions. Similar observa¬ 
tions were communicated By E. S. Chri.stian and others, 
General rules were laid down by the Permanent, Committje 
on Specifications for the Purchase and Impregnation of 
Timber. 
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Part played by Naphthalene in Pickling Timber .—It has long 
been disputed what part is taken by the naphthalene in creosote 
oil. We know that it occurs abundantly therein, and crystallizes 
out on the cooling of the first fraction of this oil. Its quantity 
is increased by the residue from working the light oils for 
benzols, phenols, etc., which is extremely Vch in naphthalene, 
going to the creosote oil. This, as it arrives at the creosoting- 
works, is often quite pasty in consequence of the presence of a 
great deal of naphthalene. In the pickling process the oil is 
heated to 50°, so that the na'phthalfne is dissolved; and only 
on the cooling of the pickled woqd does it crystallize again, 
among the other con.stituents ot the oil, the coagulated albumen, 
etc. It was formerly believed that this was injurious to the 
preservation of wood, perhaps on account of the naphjhalene 
volatilizing and leaving empty spaces,which might be filled 
with moisture and become breeding-places for" putrefactive 
organisms. Hence several creospting-works have fixed a 
maximum for the percentage of naphthalene in the creosote oil 
sold to them, which causes great inconvenience to the tar- 
distiller, since very much more naphthalene is produced--than 
can as yet be consumed. '• 

But it seems that the objection to naphthalene in creosoting 
is quite unfounded. In 'the first place, naphthalene itself is 
undoubtedly a disinfectant and prevents the development of 
lower organisms. Secondly, as has been proved by Dr C. 
Meymott Tidy,' the total loss by evaporation of naphthalene 
is very small, and takes place almost exclusively during the 
first day or two after the wood has come out of the creosoting 
apparatus. During the first and second day some naphthalene 
volatilizes from-the surface of.the timber; but after this there 
is no more loss of weight, and the interior of the wood is quite 
unchanged. According to Dr Tidy, the naphthalene is useful 
both chemically and physically; It cannot possibly do any harm ; 
and the condition that qreosote oil should be free from it seems 
quite uncalled for. This is also generally recognized in America, 
where, according to Tayne (/. Amer. Chetin. Soc., xxii. (1900), p. 
614), the specifications directly require 40 to 50 per cent, 
naphthalene to be present. 

‘ In an official (unpublished) report kindly placed at my disposal by Dr 
Tidy; icompare later on bis report of 1883. 
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Prescriptions concerning the Quality of Tar-oils, to be 
used for. Pickling Timber, 

These prescriptions have been very different in former times 
from what is considered suita’ble nowadays ; and even now there 
are great differences in the rules laid down in various countries, 
ahd by railway and^te^egraph companies, more particularly con¬ 
cerning the amount of tar-acids (phenols), as we shall see infra. 

The dffierent requirements concerning the qtiality of the oil 
made by some English anff foreign cre(jsoting-works are stated 
in the table on p. 696. , 

•Another table (from Allan’s Qomm. Organ. Anal.,2vA edition, 
vol. ii., p. 5 55 ), given below, shows the general character of 
diffei'ent descriptions of creosote oils. The samples under A 
were Wie whole runnings of heavy oils distilled from samples 
of tar obtained from .twenty different Metropolitan gas-works. 
The sample’s under B were produced at the Beckton tar-works, 
and represent oils from vdiich portions of the green oils and 
naphthalene were excluded; they are hence rich in tar-acids 
and rather less volatile than A. The liquefying-point of the B 
samples ranged from 36°-7 to 32°-8 C, and the point of turbidity 
on cooling from 3t°'i to 28°-^ The samples in series C are 
country creosotes, analysed by L. Archbutt. All were com¬ 
pletely fluid at 32°, and many at i5*°-6. • The ,sample yielding 
72 ptr^ent. of distillate and 13-5 per cent, of tar-Jacids was 
the product of special treatment. The samples in series C are 
probably somewhat richer in tar-acids than the generality of 
country oils :—• 


*. 

• 

S^teC. RTRV. 

at 82” C. 

Percentage of 
distlHate below 
84B” C. 

P|fcentage of ^ 
tar.acids from 
distillate. 

.«— 

A. Heavy London oils: highest 

1-075 

79 

8-0 

„ „ „ lowest . 

1-048 

60 

3-0 

Average of 20 samples . * • 

^ 1-0588 

71-5 

5-6 

B. Partial runnings from London 

• 



oils: highest . t . . 


91 

10*2 

Do. lov^dt .... 



8*2 

Average of ap samples . ^ 


83-8 

9-15 

C. English country oils: highest . 

1-056 

90 

24*0 

It „ „ lowest . 

1*024 

73 . 

J 3-5 • 

Average of 18 samples . 

1-0335 

81-8 

18*6 
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This requirement has been dropped since 1882. 
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■ The creosote oils distilled in London and from tar made of 
Newcastle coal are generally richest in naphthalene and high- 
boiling constituents, and corftain but a moderate percentage of 
tar-acidsf “ Country oils,” or oils from the Midland district, are 
lighter, thinner, and more volatile than “ London oils ”; they 
usually contain less naphthalene and more tar-acids. Scotch 
oils, which are largel/derived from cannel coal, are still thinner 
and mor^e^'olatile, and sometimes lighter than water. 

The present state of tjie important question as to what is 
the best quality of coal-tar oil for creftsoting purposes is very 
clearly elucidated in a report for which I am indebted to the 
kindness of Mr S. B. Boulton, aftid which is printed in extenso in 
the hornier editions of this treati.se. In this edition we will only 
quote its salient point.s. 

Liebig’s theory of the destruction of organic substances by 
“ eramScausis " is now antiquated, and so is the idea that putre¬ 
faction can be avoided b^ coagulating the albumen. The 
germ theory is now universally adopted, and we may take it 
for certain that antiseptics must either kill the germ.s, or pre¬ 
vent them from entering the substance, or both. The choice of 
antiseptics must be regulated Jiy circumstances. For hygienic 
and therapeutic purposes the volatility and solubility of the 
antiseptics are frequently even of advantage, but for timber 
expe^ed to the atmosphere and to moisture it is .otherwise. 
Here those antiseptics are more permanently successful which 
resist moisture and fill up the pores of the wood with substances 
inimical to the^ development of destructive organisms. Here, 
again, volatile oils, as petroleum, etc., have necessarily failed, 
and the creosote oifs.have provqd to be the most s^iccessful. 
From 1838 to i860 they were applied withejut much chemical 
research having been m^de about them. When the value of 
' caibolic acid began to be recognised, it was considered the most 
potent agsnt in this case«is well, but later on it was found that 
it is not so, carbolic acid (Cj’HjOHj) b6ing too volatile and 
soluble in water. The higher phenols contained in the heavier 
and later distillates ^re far superior for our purpose to carbolic 
, and cresylic acid. Naphthalsne is now also known to be a most 
useful antiseptic, and since all properly conducted creosoting 
operations are now carried on at a temperature of at least 50*C., 
it can be injected without the slightest difficulty. 
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Its after-consolidation within the pores of the wood is very * 
useful, as it tends to resist the exudation of the more fluid oils, 
and the incursion of water an<# micro-organisms. Practical 
experiments, extending over a number of years, have shown 
that the carbolic acid, contained in creosote, disappears within 
twelve months, whereas wood treated with the heavier vsils 
used for railway-sleepers, fences, etc., has'been found perfectly 
sound by different investigators even thirty-two years^after its 
being put into place. T^is timber cemtains no carbolic acid, but 
the heavier and less vcSatile oils, most of them not distilling 
under 300° C.; also acridine and'cryptidines, and mostly 
naphthalene, sometimes in considerable quantities. 

These opinions of Mr Boulton to a great extent coiijcide 
with those expressed in a report by Dr C. Meymott Tidy, made 
to the directors of the Gas-Light and Coke Company in 1883, 
and printed in our former editions?. ' He doe#, hflwever, 
attribute more importance than Mr Boulton to the coagulation 
of the sap albumen, brought about by the tar-acids. Otherwise 
these acids have but little value for preserving sleepers, etc., as 
they seem to be entirely dissipated within a very short fjme. 
The naphthalene does very gre;it service, and so do the heavy 
oils distilling not under 600° F. (316° C.). This investigation 
led Dr Tidy to draw up a specification which follows here in the 
form giveq to it in 1885. 

“ Dr Tidy’s Specification for Creosote {as amended in 1885). 

“ I. That the creosote shall be completely liquid at a 
temperature of 100° F. [38° C.], no deposit afterwards taking 
place until the oil^registers a temperature of 95° F. [35° C.]. 

“ 2. That the creosote shall contain at least 25 per cent, of 
constituents that do not distil over at a temperature of 600° F. , 
[316° C.]. ^ ' 

“ 3. That, tested by the process hereafter to be described, the 
creosote shall yield a totil of 8 per cent of-tar-acids. 

“ 4, That it shall contain no admixture of bont oil, shale oil, 
or of any substance not obtained from the distillation of coal- 
tar; and that the first 25 per cent of the distillate shall have a 
specific gravity greater than th^t of water, 
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“ Process to be adopted for determining the Coalman Acids. 

• 

“ I. One hundred c.c. of ^he well-mixed creosote is to be 
distilled -at a temperature of 6oo° F. until no further distillate 
comes over. The distillate so obtained is to be mixed and 
wel> shaken in a stoppered flask with 30 c.c. of a solution of 
caustic soda, of sp. *gr. 1200. The mixture is then to be 
heated. , This done, the stopper is to be *eplaced in the flask, 
and the hot mixture again shaken vigorously for at least a 
minute. 

“ The contents of th# flask are now to be poured into a 
separating-funnel (Fig. 15^, afld the soda solution drawn off. 
Therf:reosote is to be heated a second and a third time 
in a similar manner with the caustic-soda solution, 
except that only 20 c.c. of the soda solution shall be 
used ifer the second and third extractions, instead of 
30 C.C., as in the first extraction. 

“ 2. The three soda soTutions are now to be mixed 
together. When cold, any particles of creosote are to 
be got rid of by means of a separating-funnel. This 
done, the solution is to be thoroughly boiled, in order 
to expel the last traces of creosote present in the 

solution. The mixture is then to <be allowed to cool. 

» 

Wh^n cold, dilute sulphuric acid (i of acid to 3, of 
water) ^s to be added (about 35 c.c. will be required) 
until the solution becomes slightly acid to litmus. The 
whole is then^ to be poured into a separating-funnel, and 
allowed to stand until perfectly cold, and the tar-acids well 
separated. 

“ 3. The tar-acids are now to be dissolved in 20 c.c. of the 
caustic-soda solution (sp^gr. 1200) and lo c.c. of water. The 
mixture is then to be boiled and filtered through a funnel fitted 
with a plug of asbestos.. The asbestos plug is to be washed 
with not more than 5 c.c. of boiling watef. The solution is to 
be allowed to cool perfectly in a 100 c.c. measure. It is then to 
be rendered'slightly acid with dilute sulphuric acid (i to 3) 
(10 c.c. will probably be found sufficient for this purpose). 
The whole is again allowed to stand for two hours until 
perfectly cold, when the percentage of the tar-acids is to* be 
read off. 
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“ Process to be adopted in estimating the Quantity of Distillate. 

“ The operation is to be condilcted in a retort (fitted with a 
thermometer), and heated with the naked flame of a Bunsen 
burner. The heat applied is to be gradually raised to 600° F., 
and continued at that temperature until no further matters 
distil over. The distillation of the 100 c.e?. should be completed 
within half an hour.’i 

< t 

The above has been' entirely upheld by a new report, made 
by Dr Tidy to the Gas-light and 'Coke Company on ilth 
February 1885, in reply to a pa^er by Dr Voelcker and to the 
specification suggested by that gentleman. We now append 
the reasons given by Dr Tidy for some of the above details :— 

“ I. The omission of any clause specifying the specific 
gravity of the creosote to be used. I have done this adVisedly, 
because of the extreme difficulty in taking the gravity of 
creosote at normal temperatures with the 1000-grain bottle, 
and the practical uselessness in my judgment of employing a 
hydrometer for the purpose. If it be considered necessary to 
introduce a specific-gravity clause, I would suggest that the 
gravity be between 1040 and 1065, water being 1000. I am of 
opinion, however, that for practical purposes a specific-gravity 
clause is altogether unnecessary. , 

“ 2. Believing strongly as I do in the value of those con¬ 
stituents of the oil that are the most difficult to volatilize, I have 
deemed it right to suggest a clause to the fffect that the 
creosote shall contain at least 25 per cent, of matters that distil 
over aboye 600° F. . • ’ 

“ 3. I have ma^de a large number of experiments as to the 
best method by which the estimatioij of the tar-acids may be 
determined. 

“ I note— 

•"(a) That very slight differences in the strength of the 
solutions used, and in m'ethods of manipulation, considerably 
influence the results obtained. I thereforj deenrf it necessary 
that, as a part of the specification,»the process to be employed 
for estimating the acids should be exactly stated. 

" (b) I have failed to discover any easy method of separating 
the carbolic from the other tar-acids. I have tried for this 
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purpose numerous experiments, but with such unsatisfactory 
results that I have decided to recommend that the tdtal quantity 
of tar-acids only should *be ^stated. Further, the fact that as 
preservatives one kind of ta^-acid is, so far as we know, as good 
as any other, renders a further separation of the acids in my 
judgment unnecessary. My analyses of samples will show that 
in fixing not less Aafl 8 per cent, of total tar-acids, we obtain a 
fair indej^of the purity and genuineness ol,the creosote.” 

We now give 

Sir F. Abel's Specification, 'Jud January 1884,/or Creosote. 

‘iThe creosoting liquor is to be of the description known as 
heav3( oil of tar obtained by the distillation of coal-tar, and con¬ 
sisting of that portion of the distillate which comes over between 
the tempemture of about 350° F. (176° C.) and that of 760" F. 
(405° C.). 

“The liquor must be free from admixture with any oil or 
other substance not obtainable from such distillate. It shall 
contain not less than 20 nor more than 30 per cent, of con- 
stituents that do not distil over at a temperature approaching 
600° F. (316° C). 

“ It must yield not less than 9 per qent. by volume of tar- 
acid* when tested in accordance with the instructions annexed. 

“Tte creosoting liquor must become completely fluid when 
raised to a temperature of 100° F. (38“ C.), and exhibit no signs 
of any deposU on cooling down to a temperature of 90'’ F. 
( 32 i°C.). 

“The specific gravity of the-liquor must not be ^ess than 
1-035, and not more than 1-065 ^ tempe*ature of 90°F., as 

compared with water at F. 

“ Test f 9 r Creosoting Liquor. 

“1st. The liquor, if necessary, is ^o be warmed until it is 
perfectly fluid. 

“ A. One hundre*d c.c. is then to be placed in a glass retort of 
convenient size, and subjected to distillation until a temperature 
of nearly 600° F. is attained. 

“ The thermometer regulating the temperature must be so 
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placed in the retort that at the commencement of the distillation 
the bulb of the thermometer is entirely Immersed in the liquid, 
but not touching the bottom of the retort. The distillate 
should be collected in a stoppered-glass bottle, having a capacity 
of about 200 c.c. 

“ 2nd. The distillate is to be mixed with 20 c.c. of a solution 
ol caustic soda (sp. gr. i'-2i), the mixture’ being shaken at 
intervals for a periofi of not less than three hours, afd is then 
to be transferred to a burette provided with a glass tap, into 
which has previously been introduced a few drops of soda 
solution sufficient to fill the narrow Space above the stopcock. 
The burette, with its contents, is-theVi to be set aside for twefve 
hours, in a place sufficiently warm to keep the liquid fluid. ^The 
soda solution containing the tar-acids will then be found to 
have separated from the other portions of the creosoting liquor, 
occupying the lower portion of the burette, and should then be 
drawn off into a small glass flask, which should have a capacity 
of about 100 C.C., and be provided‘^vith a long narrow neck 
(divided into cubic centimetres) of sufficient length to be capable 
of holding the whole of the tar-acids afterwards separated. 
The liquor not acted upon by th^soda solution is to be returned 
to the bottle by inverting the burette. Ten c.c. of fresh soda 
solution is then to be added, and the mixture again treated as 
before. The soda solution from this second treatment, contain- 
ing any further amount of tar-acids not extracted by tiie first 
treatment, is then to be added to the soda solution first obtained 
in the long-neck flask. Sulphuric acid, dilute (i vol. of oil of 
vitriol and 3 vols. of water), is now to be gradually introduced 
into the flask until a very slightly acid reaction is produced, the 
flask being kept cool. Then enough mfercury is poured into 
the flask to drive all the tar-acids up ’into its neck, where their 
volume can be read off on the graduation. . 

“Note .—If the creosoting liquor js of an unusually thick 
consistency, it may be found nbcessary to subject it to a pre¬ 
liminary distillation, whicAi should be conducted as described at 
A; but the use of a theririometer Is not necessary, as the dis¬ 
tillation should be continued until nothing further comes over.” 

Abel’s spfecification very nearly agrees with Tidy’s, and 
the separation of carbolic and cresylic acid by fractional 
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distillation of the tar-acids, formerly prescribed by Sir F. Abel, 
but objected to by me in the first edition of this treatise (p. 208) 
as quite illusory, has bedn dropped. Tidy’s prescription of 
boiling the alkaline solution of the tar-acids, in order to expel 
any hydrocarbons, is, I think, quite called for; but then Abel 
reqiiires 9 per cent, in lieu of 8 per cent, which will compensate 
for the impurities 16 ft 4 >y his treatment in the tar-acids. 

The te^ts made at the. works are mostly more simple than 
the above. The density is best ascertaiijed at about 32°, when 
the oils are all fluid, by means of a hjidrometer, or else by a 
specific-gravity bottle, wWch is allowed to cool down to r5°, 
when the stopper is pressed in tightly. The liquefying-point is 
found by placing some of the oil in a test-tube, inserting a 
thermometer and moving about in a warm-water bath; the 
point 9 f turbidity, by allowing the whole to cool down. The 
distillate up to 315° is found by heating 100 c.c. in a 4-07.. retort 
by a small naked flame, protected by a tin cylinder. The 
thermometer ought just tiJ* tou'ch the liquid remaining at the 
end. The distillation should last about thirty minutes. The 
tar-acids are usually estimated in the distillate by treating it 
twice* with 30 and 15 c.c. of caustic-soda solution of sp. gr. i'2i, 
at a gentle heat, separating the oil by a tap-funnel, cooling 
down, adding 30 c.c. of dilute sulphiyic acid (i acid to 3 water, 
transferring to a graduated cylinder), allowing to cool completely, 
and resKling off the volume of tar-acids separated (Messrs 
Burt, Boulton, & Haywood). 

If the basic constituents are to be estimated, the rules 
mentioned in Chapter X. must be observed. 

A specification oi the Prussian Railroad Management for 
impregnating oils, issued in 1904,* contains the following con¬ 
ditions The tar-oils nMst be composed in such manner that 
on distilling them (the thermometer being kept in the vapour) 
u^o 150° C., at most 3 ger cent., from 150° to 255” at most 
30 per cent., and from 150° to 355° at least 85 per cent., pass 
over. The specific gravity at 15° is to be between i'04 and- 
MO. At thi^temperature the oil shbuld be perfectly clear, and 
show no secretion of ^olid naphthalene when a few drops are 
poured upon a layer of filtering paper. Its percentage of 
phenolic substances, i.e,, such as are dissolved by *caustic-sc<Ia 
solution of sp. gr. 1-15 at 15°, should be at least 10 per cent.” 
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Kraemer and Spilker state that these conditions are ful¬ 
filled by a mixture of equal parts of creosote oil and filtered 
anthracene oil, but that they cannot be fulfilled by oils con¬ 
taining more than 20 per cent, phenols, unless the former 
method (keeping the bulb of the thermometer within the liquid) 
be admitted. « 

The testing for phenols, according* to' that specification, 
is performed by sljaking 100 c.c. oil with too c.c. caustic-soda 
liquor of sp. gr. 1-15 at 15° C. in a,graduated 200 c.c.'cylinder, 
allowing to stand for *three or four hours, and observing the 
reduction of the volume of the oil, which is taken as indicating 
the percentage of phenols. • *■ • 

In the United States, according to Shipley {Industrial 
Progress, 1909, i., p. 539) the following prescriptions are made for 
tar-oil destined for impregnating purposes. It ought' to be 
a pure coal-tar oil, free from other oils, perfectly l^uid at 
38°, and free from suspended solid substances. Its specific 
gravity at 38° ought to be at leasl 1-03. On being distilled 
from an S-02. retort, placed on asbestos, and fitted with a 
correct thermometer, the bulb of which is half an inch above the 
surface of the liquid, no more t^an 5 per cent, should pass over 
below 200°, and no more than 25 per cent, below 235°, and the 
residue remaining in the retort, after reaching 355° if it 
amounts ,to more than 5 per cent., should be soft. The oil 
should not contain more than 3 per cent, water. (“Nothing 
is said here about the percentage of naphthalene. Cf. Tayne, 
supra, p. 694, nor about tar-acids, which is confirmed by Forrest, 
supra, p. 581.) 

R. ],.amb, in a lecture given at the American Society of 
Civil Engineers (/. Gas Lighting, 191I, cxiii., p. 521) quotes 
the following as the correct specification. The creosote oil 
ought to have a specific gravity not below 1-03, nor above, 
1-07 at 38° F. The fractional distillation of too c.c. ougtt 
to yield the following percentages of distillate (dry);— 

Up to 150° (302° F.) *! . . nothing 

Between 150° and 170° (338° F.) . not above //S per cent. 

» 170“ „ 235° ( 455 ° F.) „ . ’ „ 35 I, 

„ 235° „ 300° (572° F.) . „ 35 

» The residue ought to be soft. The oil should contain at 
least 25 per cent, naphthalene, and 15 per cent, anthracene 
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oil. Ninety-five per cent, of the creosote oil should be soluble 
in'carbon disulphide or absolute alcohol. 

According to Church Cf- Chem., 1911, p. 231) 

the Ameripan Railway and Maintenance of Way Association 
has laid down the following prescriptions for the testing of 
creosste oil. The “ Standard Creosoters’ Distillation ” is carried 
out in a tubulated report, in which exactly 100 g. oil are placed. 
The bulb o^the thermometer is half an inch,above the level of 
the liquid * the distance betjveen that bqlb and the end of the 
condensing-tube should not be less thanco or more than 24 in. 
The thermometer remains if. the same place during the whole 
distiHation,"which is carried 6n without interruption, and which 
should last about forty-five minutes. The fractions are singly 
received in small flasks, and their quantity determined by 
weighirilf. These fractions are taken: (i) up to 170°; (2) 
from I/O? to^200°; (3) from 200° to 210°; (4) from 210° to 
235 °; (S) 'from 235° to 270”; (6) from 270° to 315°; (7) from 
315° to 355°. For practicaf purposes it is sufficient to make 
the following fractions: (i) below 200°; (2) 200° to 210°; 
(3) 210" to 235"; (4) 23s' to 315°; (s) above 315°. If the oil 
contains'water, the first distillate is separated into oil and 
water by means of a tap-funnel, and the oil put back into the 
retort. In this case first 500 to (txi c.c. are distilled in a 
copper still, and the dehydrated oil is distilled as above. The 
percenfagfes are reduced to dehydrated oil, and the contents of 
water separately stated. The tar-acids and the naphthalene 
are estimated in one and the same operation, by distilling 
100 c.c. of the licjuefied oil in a flask of Jena glass, until 95 c.c 
have passed over, which should be the case within ^twenty 
minutes. The distillate^ is warmeJ up to 60° in a graduated 
separating-funnel and shaktn up with 50 c.c. *of 10 per cent, 
caustic-soda solution, and this operation is repeated another 
time, or even twice, until no more decrease of volume takes 
place, always at 60°. The total decrease of the volume of the 
oil is calculated as showing the tar-acids. For estimating the 
naphthalene, thf oil contained in thd separating-funnel is put 
into a copper beaker ^nd kejjt during fifteen minutes at i5°'Si 
after which time the liquid is drawn off from the crystals by 
means of a porous funnel. The crystals are pressed till d^ 
between layers of blotting-paper by means of a small hand- 



?06 


CREO 5 OTE. OIL 


press, and their weight per cent, is calculated on the weight of 
the original volume of oil, as found by its specific gravity. 
The “stock point” of the oil {s'found by cooling 5 c.c. of the 
original oil, after heating it up to do”, in the air, or in case of 
need in water, stirring it up with the thermometer until the 
first crystals appear. 

Church also describes the sulphoncCiing-test, as carried out 
in America. To the fraction of the tar-oil boiling between 
305° and 320°, four or five times its volume of concentrated 
sulphuric acid is addl’d, the mixture is heated up to 60°, and 
put ino a separating-funnel, graduated in its lower part. The 
remainder left in the flask L rinsed out three times by con¬ 
centrated sulphuric acid. The mixture contained in the 
separating-funnel is carefully shaken for fifteen minutes, and 
allowed to stand overnight. Then the acid is carefully drawn 
into the graduated part of the funnel, so that 2 c.c.^of it are 
left standing below the non-sulphonated oil. Whether such a- 
remainder be noticed or not, the test is carried on as follows;— 
About 20 c.c. of water is added, and the mixture allowed to 
settle for half an hour, whereupon the aqueous liquid is 
carefully drawn off from the supernatant oil (or emulsion).. 
Now 10 C.C. concentrated sulphuric acid is added to the con¬ 
tents of the funnel, and the mixture allowed to stand for 
fifteen or twenty minutes. Any non-sulphonated oil is ,now 
separated in a clear state, and its volume exactly read. The 
cubic centimetres found are calculated as per cent, by weight. 
If the non-sulphonated oil should have a strongly dark colour, 
it is treated with an excess of 10 per cent, caustic-soda solution. 
If thei;eby the oil is dissolved, the result is to be considered as 
negative. 

Decomposition of Heavy Tar-oils by Heat {cracking). 

This is sometimes done in order to utilize otherwise com¬ 
paratively valueless oils or oily residues by exposing them to a 
high degree of heat— e.g., passing them .through red-hot tubes 
(“cracking”). Usually fhe rnain object was i*hat of making 
illuminating-gas; but with this ewas associated the getting of 
more valuable oils, We have seen above (pp. 187 et seqi) that both 
benzol and” anthracene can be obtained in this way from the 
heavy residues of petroleum, browncoal-tar, and wood-tar. Many 
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chemists have worked in this direction, as Breitenlohner,'^ Vohl '^ 
(who believes this process to be practicable), Walker and Smith,-’ 
and others. [Kraemer (priv. Comm.) declares the hydrocarbons 
of coal-tar to be much less suitable for the “cracking process” 
than the paraffins, especially petroleum distillates; the former 
yield but a small quantity of benzol, etc., or of illuminating bodies 
in general.] An appaf-atus specially constructed for the purpose 
in questioB was patented in i86i by the Pa»is Gas Company;* 
it is represented in Fig. IJ/. It consitts of a set of cast-iron 
cylindrical retorts, a, closed at one eifd and provided at the 
other end with a movablfi cover. About 12 in. from one end 
thete is a partition, b, 8 or I2*in. high, which prevents the 
oil fi;om running towards the part not exposed to the fire. 
The space thus shut off communicates by an ascending pipe, 
with a*receiver, d, which is connected by e with another receiver, 
d\ botlt»,aliJj:e intended for heavy products of condensation; 
these are removed by the pipes ; whilst the vapours not yet 
condensed pass through the worm / and are collected in U. I 
carries away the incondensable gases. The heavy oil runs from 
the tank k through a tap,/, into the funnel f, and thence in a 
continuous stream into the retort a, previously brought to a 
red-heat. There the oil spreads as far as the partition b, and is 
decomposed into graphite (remaining»in the retort) and volatile 
products (passing over the partition and through the pipes into 
the receivers). In d and d' a heavy, tarry liquid condenses; it 
is mixed with more heavy oil, and again run back into the 
retort [nowadays it would probably first be worked for anthra¬ 
cene]. The liquid condensed by the worm /, and collected in h, 
is rich in benzol, and is treated like ordinary crude aaphtha. 
The gas escaping at / is employed for lighting, and was con¬ 
sidered the principal proditt. 

, „.,5ehrens* employed for a similar purpose a retort made of 
firebricks, l^ated from b^ow. It was heated up to a very 
bright red-heat; and a continuous jet oj heavy oil was run into 
it by a swan-neck pipe. The volatile^ products were condensed 

’ Dingl. polyt. /., clxvit., p. 378 ^ clxxv., p. 392. ^ Ibid., clxxvii., p. 58. 

® Wagneds Jahresber., 1867, p. 752. 

* Technologiste, 1861, p. 145 ; Girard & Delaire, DMvSs de la HouiUf, 
p. 20. 

‘ Dingl, polyt. /., ccviii., p. 361. 
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by an ordinary hydraulic main and by very wide pipes, which 
nevertheless were frequently choked up with naphthalene and 
soot. In the hydraulic main (at Vhe base of the furnace) most 



of the undecomposed oil was condensed; the remainder, 
together with naphthalene and the more volatile hydrocarbons 
newlyformed, condensed in the cooling-pipes. In this way the 
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heavy oil yielded on an average 2 per cent, benzene and toluene, 
and a little xylene and higher homologues. Below and above 
the temperature just mentioned, less of the more volatile hydro¬ 
carbons was formed. In the former case but little heavy oil 
was decomposed ; ^ in the latter the benzene was converted into 
naphthalene. In tjie furthest part of the condensing-apparatus, 
naphthalene, benzene, and toluene were collected. The graphite 
remaining* on the furnace-bed could be obtained in large pieces, 
and was valuable for prodiJcing high teifiperatures. 

Of course the apparatus employdti at Nobel’s works, at 
Baku, for decomposing pAroleum residues (p. 190), might also 
be used for creosote oil. * 

G. E. Davis’s proposal to convert all the di.stillates from tar, 
except naphthalene and anthracene, into gas, as described on 
pp. 68 et seg., may be mentioned in this connection. 

Kerl^on»(B. P. 13627, of 1887) passes steam and heated 
vapours of tar-oil, with a Httle air, into two retorts filled with 
■ coal, conducting the gases from Ae retorts charged later on into 
that charged at first. If it is intended to increase the yield of 
•amraonia and aromatic hydrocarbons, the retorts are charged 
with coal rich in H-, O, and N, together with waste leather, hair, 
etc. The escaping vapours are freed from anthracene and 
aromatic hydrocarbons by washing with heavy oils, cooled 
down, to the freezing-point. {Cf. Kraemer’s opinion on the 
Dinsmore process, p. 318.) 

Formerly it would rarely have paid to convert tar-oils into 
gas; at present^ the price of creosote oil would be no obstacle to 
this process, but it is very doubtful whether there is any advan¬ 
tage in it {cf. L. T. Wwght, p. 347). . 

According to J. Young, heavy paraffin oils^an be converted 
into light ones by heating»them in strong iron boilers under a 
•pressure of i| atmospheres. Possibly this would apply also to 
heavy coal Jar oils; but eWdentl^ nothing can be said as to the 
probable cost, yield, and so forth. 

Boleg {cf. p. 603) studied more closely the distillation of 
creosote oil (finder pressure. When employing 3 or 4 atmos¬ 
pheres’ pressure and purifying with sulphuric acid and caustic- 

soda solution, a lighter, thinner, orange-coloured oil, almost 

• • 

' Hence the cast-iron retorts patented by the Paris Gas Company (p. 707) 
cannot have stood a very long time, as they would have to be heated ^0 high. 
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devoid of smell was obtained, which might be used in the same 
way as “carbolineum” (p. 605), evpn for inside work. The 
naphthalene contained in the cruile oil was also easily obtained, 
but no lighter oils. 

G. Schultz (Ger. Ps. 101863 «^nd 105582) introduces creosote 
and anthracene oil into the gas-retorts and coke-ovens during 
the distilling process, thus converting those oils into more 
valuable hydrocarbons, such as benzol. » 

On p. 368 we hav( already rnesitioned Wirkner’s process 
(B. P. 13185, of 1903 ; Ger. P. 158731), who converts tar “or tar- 
oils ” into pitch by heating with suljAuric acid, and the process 
of the Chem. Fabr. Florsheim Dr Nordlinger, which consists in 
heating tar or tar-oils to 120° to 150° C. in the presence of air, 
oxygen, or ozonized air, until the derived product has been 
obtained. 

Planes, Ltd. (Birkenhead) and W. P. Thompsotv>(B."P. 3245, 
of 1913) perform the cracking of heavy hydrocarbons by 
heating them in a still, together with finely divided nickel, 
acting as a catalyzer, and hydrogen or purified water-gas, with 
strong agitation, at a temperature of 300°, and a pressure of- 
from 5 to 100 lb. per square footo The gases, escaping out of the 
condenser can be utilized as fuel. The nickel is regenerated 
from the NiO formed, by v/ashing this with benzol, igniting the 
oxide, transforming it into nitrate or formate, and reducing in a 
current of hydrogen at 320° to 350°. 

Many patents have been taken out for decomposing 
heavy tar-oils by heat so as to render them, or the products 
obtained therefrom, available for driving motors of all kinds 
{cf. supmi p. 678). „ ■' 

Valpy and Gucas (B. P. 20470, of 1913, and 2838, of 1914) 
spray steam superheated to a temperature slightly below the 
cracking point into the oil in a still, and pass the mixture ©f oil,, 
vapour, and steam through heated catalyzing tubes of nickel, 

‘ which may be packed with catalyzing material, and thence to a 
coil in the oil still where the heat of the cracked vapour is utilized 
for heating the oil. The catalyzing tpbes m'&y be heated, 
electrically, or by an oil burner.' 

Melamid and Grotzinger (Ger. P. 276775) obtain low-boiling 
hydrocarbons from tar or heavy tar-oils by heating with 
phospjioric acid in the presence of indifferent gases of 
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vapours, such as nitrogen, steam, hydrogen, carbon dioxide, or 
air, at temperatures below.^200°. When the oils obtained are 
treated again in the same rflanner, they are again cracked, 
yielding hydrocarbons of still lower specific gravity, very well 
adapted as a substitute for benzine in automobile cars. 
Accdrjding to their Ger. P. 278192 this process may be carried 
out also in the absence of indifferent gases or vapours if 
care is e^jarcised that the phosphoric acid isifinely divided. 

Another patent is that»of the Gesei^schaft fiir Verwertung 
von Kohlenstoffverbindungen, Ger. P. 294118. 

Application of Creosote Oil for the “ Blue-steaming " of Bricks. 

The ancient Romans, as is shown by ash-urns, etc., under¬ 
stood the process of imparting to earthenware a fine slate-grey 
colour. ‘.Tlysy effected this by putting green wood into the 
brick-kilns, after finishing the burning process proper, and 
keeping the kilns closed;* and.this process is in use at the 
present day in Holland, where alder-wood is employed for the 
purp9se. These Dutch “ blue-steamed ” bricks are extensively 
employed on account of their pissing colour and their resistance 
to the weather. 

In Germany the agent universally used for this purpose is 
creosote oil freed from naphthalene by* keeping through the 
winter Sfeason. When the bricks have been sufficiently burnt, 
all openings in the kiln are closed with clay or sand and the 
damper let down. The oil is then run in through cast-iron 
pipes passing through the brickwork, in small portions at a 
time. The oil is at ooce vaporized and decomposed, e^prbon in 
the graphitic state being deposited on the surface and in the 
pores of the bricks and stoning these grey with metallic lustre. 
.When enough oil has been run in (as known by experience), 
water is riyi through the game pipes in several portions; this 
cools the bricks, so that the cafbon is not burned on contact 
with air, and the quicker the cooling, tlfe finer the colour. 

This proaess must be carried oCit in periodically working, 
very strongly built ifilns. Gh. and I. Lengholz (Ger. P. 95882) 
describe a special kiln for this purpose. Ludowici (TVwfwtfw/nV 
Zeitung. 1898, p. 38) shows that porous material iS better tl*an 
.dense bricks, as is easily understood. The iron salts must also 
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be reduced to protoxide, which greatly influences the colour. 
One thousand bricks require on the average 20 kg. of blue¬ 
steaming oil, but this depends oli the percentage of iron. The 
opinion of Hoffmann {ibid., i898,,p. 38), that in this^ process a 
kind of asphalt is formed, is not very conclusive, considering the 
high temperature. 

The filling up of the pores with ' graphite would easily 
explain the greater resistance to the rain and frost,.claimed for 
these bricks. . 

Various other Applicatioiis of Creosote Oil. 

Nordlinger (Ger. P. 171380) makes pitch from it; he employs 
the same process for tar-oils as has been described in Chapter 
IV., viz., a treatment by air at 120° to I50°C.; cf. p. 369. 
Applied to the processes of Wendriner (Ger. P. 170^32) and 
the Soci^te anonyme des combustibles industr’iels (Ger. P. 
161950; B. P. 16182, 1905). 

Some other uses of creosotfe oil have been already mentioned- 
in previous chapters, because they coincide with the uses of 
raw tar or anthracene oils. We mention of these:—The soften¬ 
ing of hard pitch, p. 537; the pieparation of varnishes, p. 549. 

Bowden & Dodd (Ger. P. 126623) employ heavy tar-oils, 
distilling between 260" alid 280° C., to mix (in the proportion 
of II peY cent.) with rosin, fatty oils, and soapstone for the 
production of a water-tight and insulating compound. 

Bilfinger (Amer. P. 729838) treats creosote oil with dry 
powdered alkali, air, and lead oxide, and then mixes it with 
cotton-seed oil, to produce a substitute for linseed oil. 

The Manufacture of Lampblack and Soot from Tar-oils. 

Formerly lampblack,. which is the most important^ raw, 
material for printers’ ink and for m§ny black paintg, had to be 
made by burning rosin or rosihous wood. The introduction of 
coal-tar has completely revolutionized this manufacture, which is 
described in a special treatise by H. Kohler (Zkk Fabrikation 
des Russes und der Schwdrze, 3rd .ed., 1913). 

Raw tar is not very well adapted for it, owing to the presence 
of’water and volatile substances, which make the soot impure 
and sometimes yield explosive mixtures. Therefore, just as in 
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the manutacture of roofing-felt, the tar is deprived of those 
substances by partial distillation; or else “prepared tar,” 
creosote oil, or pitch are employed. The coarsest quality of 
soot is obtained from pitch; then follow “prepared tar,” partly 
distilled tar, and best of all creosote oil. Lampblack proper is 
always made from gaseous or vaporized raw material 
(benzol, etc.). * 

The^Wir or tar-oil is burned from soqf in brick furnaces, 
connected with long briak flues, whe|e the smoke-gases can 
deposit the flakes of soot before escaping into the air. Engler 
{Chan. Ind., 1885, p. 395)describes this industry as carried on 
in*the Black Forest, where *aboat 250 tons per annum are made 
in the following way :— 




Fio. 159. 

Figs. I5&and 159 show the furnaces A, into which solid pitch, 
etc., is charged by hand ; ta» or oils are run in by pipes from 
the vessels a. The smoke travels first into the cooling-vault B, 
then through b into the long vault C, then into ‘the towef D, 
divided into two compartments by a perpendicular partition. 
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and through a damper into the chimney. The last portions of 
soot are retained by a coarse fabric extended across one-half of 
the tower. The work is comrAenced on Tuesday, is daily 
interrupted from g P.M. till 5 a.m., and continued till Saturday. 
During Sunday the furnace cools down, so that the soot can be 
taken out on Monday. 

These furnaces do not provide for cooling the flame, which 
is, however, preferable for obtaining a better yield ofapot. An 
improved furnace (accq-ding to Kohler) is shown in Figs, 160 
and 161. (j: is a cast-iro'a fire-plate, angularly shaped, so that the 
liquid fuel cannot run out in front; Ais a conical cooler of J-in. 



Fig, 160. Fig. 161. 


sheet-iron, with a tight-fitting cover, manhole /, steam-pipe 
gauge-cock e, and running-off tap^. The liquid'Tuel is supplied 
through,the 2j-in. pipe from the heater « to the fireplace 
and runs out of small bent pipes regulated by a tap. These 
small pipes can be turned sideways ifi their sockets, when solid 
material (pitch) is to be charged by hand. The fireplacesare 
provided with a slide-door, adjustable in any position Joy toothed 
gear; c is a square'flue made of sheet-iron 12 ft. long, for 
conveying the gases through the cooler f into the chambers ; 
A is a channel, kept full of water by means «f a tap, to 
extinguish the coke falling out of the fife and removable by 
the door m. 

"The charflbers ^ consist of three parallel vaults, each about 
120 ft. long, through which the smoke-gases travel in succession 
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before escaping through the 50-ft. chimney. These vaults are 
provided with a number of inside partitions, causing the gases 
to travel consecutively along the bottom or top of the chamber. 
All the compartments thus fprmed are connected by iron doors 
one with another, and at the end opposite the fire with a 
common collecting and packing room. 

To begin with, a |ood fire is made on the fire-plate a by 
means of ^japer, tarred or oily cotton-wast^ etc., and then the 
material to be converted into soot is cha|ged. Every day about 
15 cwt. of tar or pitch, or from 20 to 24 cwt of tar-oil can be 
burned, the work being carried on as described in the Black 
Fofest. JMI doors leading outside must be kept tight by 
pastijig paper over the joints, as a precise regulation of the 
draught is very important to obtain a good yield, which .should 
be 25 per cent, from tar and 18 to 20 per cent, from pitch, and 
25 to 3»fietcent. from creosote oil. 

This arrangement perrrfits of utilizing the heat of the fire for 
evaporating large quantities of liquid, as is easily understood. 

The following description of lampblack-making has been 
given by Nepp {Chcvt, Zcii., 1878, p. 222). The tar is employed 
for heating six steam-boilers ft. long, 2 ft. 2 in. in diameter, 
which jointly supply an 8 h.p. steam-engine. The tar is run 
into tanks holding two barrels each, pne in front of each boiler. 
Behind the boiler is an oven, in which the |ases from tl\e burning 
tar, whfth have been partially cooled in their course through 
the boiler-flues, deposit the soot contained in them upon 
horizontal and vertical shelves, which divide the oven into 
several compahments. The lightest particles of soot are 
deposited in the higi^est part of the oven; and this^does not 
require to be so often Emptied as the middle and lower shelves, 
which contain most of th{ lampblack, and are emptied directly 
.'aftef Jhe tar has been burnt off. The work lasts six hours and 
proceeds ^ turns, three ^ovens continually going together, so 
that there is always enough ste^m. In the fireplace a residue 
of fine coke is found. The ovens are well bound and covered 
with metal {Jates. They are 13 ft. high; the upper 3 ft. project 
through the roof, so !hat th^ are cooled from without. They 
are accessible from below by an iron door, from above by iron 
steps. The lampblack is partly left as it is; but ‘most of it is 
mixed with peat, finely ground under edge-rollers, and sifted 
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before it is sent out. The steam generated in the boilers is 
employed for driving a peat-mill, manufacturing the casks, etc! 
The cost of plant is about £^OOtO £^^o. The product serves for 
rhanufacturing colours, shoe-blackjng, black-lead for stoves, etc. 

According to Newton’s patent of 1854, lampblack can be 
obtained directly by mixing 160 lb. of coal-tar with 200 ib, of 
slaked lime, adding 18 Ib. of alum, anil strongly heating the 
well-kneaded mixture without access of air in fireclay crucibles 
or iron cylinders, as ire, preparing b-ane-charcoal. The product 
should be allowed to cool down without access of air, and is at 
last finely ground. By altering the (proportions of tar and lime, 
all shades between brown and grey can be obtained. 

Wegelin (Ger. Ps. 129647 and 138940; B. P. 13837, 1903) 
heats the tar to boiling and burns the vapour, by injecting the 
previously heated air into the boiling tar, thus obtaining pitch 
as a by-product. An additional patent (Ger. P. I79J79) protects 
the utilization of the radiant heat of the mixture of gas and air, 
and the agitation of the boiling tar 6y injecting carbonic acid or 
steam, or by mechanical stirring, for the purpose of preventing 
the superficial formation of slag and coke. . , 

The Kolner Russfabriken /Ger. P. 133270) burn the tar. 
incompletely without previous distillation, obtaining pitch as a 
by-product. 

Irvine {Chem. Zett., 1902, Rep., p. 80) causes the soot to 
precipitate more quickly by means of the electric current. 

Hartmann (Ger. P., Anm. H26230) aims at increasing the 
density of the soot. 

Ogilvie obtained a German patent (No. 14825S), which lapsed 
already ,in 1904, for directing the flame .of tar immediately on 
the surface of water. 

A long paper on the manufacture of soot has been published 
by Luhmann in Asph. u. Teer-Ind. Zeit.^ 1903, pp. 511, 5341, 543.. 

Maechtolf (Z. angew. Chem., 1998, p. 1088) has, taken two 
German patents for the manufacture of lampblack. According 
to the first. No. 194301, of 1905, he enrploys a decomposing 
cylinder, in which he produces lampblack from 'hydrocarbons 
by means of the electric arc, or by fulminating mercury. This 
cylinder is provided with an agitator and is connected with a 
soOt-collectof, in which a press-piston moves up and down, and 
to which is attached an arrangement for packing the barrels. 
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According to his second patent, No. 194939, of 1905, lamp¬ 
black of specially good quality is obtained by pre-heating the 
hydrocarbons to be decompostSd, and at the same time subject¬ 
ing them, to variable pressure; also by mixing them with 
hydrocarbons decomposed at lower temperatures (such as 
acetjflene), first in larger, then in smaller quantities, until the 
temperature has risen to such a height that the heavy hydro¬ 
carbons are decomposed without admixture.. 

The Riitgerswerke A.-Gt (Ger. P. 208^00) improve the yield 
of lampblack, which hitherto amounted* to 20 to 25 per cent, 
from tar, or 12 to 15 p»r cent, from pitch, 50 to 60 per 
cent, remaining as coke in tite fiitplace. It is better to extract 
the l^r or pitch by suitable solvents— e.g-., naphthalene—to 
separate the remaining carbon from the solution, and to work the 
latter either as a whole, or after volatilizing the solvent, for 
lampblack by inflammation in the usual manner. 

Thenius (Bte technische Verwendung des Steinkohlenteers, 
p. 132) describes several lampblack furnaces of a very simple 
kind, intended for burning tar-oils, pitch, etc. The furnace 
for “.sqot-oil” consists of a metal plate kept red-hot from 
below by a local small fire; i^ forms the bottom of a brick 
chamber. Upon this the “soot-oil” con.stantly drops in a fine 
stream from a tank, whilst a side door with small holes admits 
the a.ijf necessary for combustion. The smoke enters four brick 
chambe'Vs, communicating with a chimney. When the oil 
intended for combustion has been used up, the furnace is left 
standing for a few days, and the four chambers are opened by 
doors provided*for the purpose. The last chamber (next to the 
chimney) contains thb^nest lampblack (for lithographers); the 
third one the next finest (for printers); the,second and first 
contain coarser soot, whiclj is well sifted and sold as common 
•lampblack. The best kind is sometimes further refined (for 
paper-makers, colour-manufacturers, lithographers) by ignition 
in sheet-iron cases, the covers of whifh are luted with clay. 
'They must be heated for some time in a furnace with a good 
draught, till all empyreumatic oils have been driven off, and the 
soot remains behind without any smell. The cases mustfie left to 
cool for several days before opening them, because the soot 
cools very slowly and would take fire if it were exposed to the'air 
too soon. This is “half-calcined lampblack”; the “thoroughly 
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calcined ” article is obtained by igniting the first product once 
more in fresh cases and treating it as above. Four hundred 
pounds of “ soot-oil ” {i.e., heavy loal-tar oil) should yield 20 lb. 
finest lampblack, 30 lb. secorids, .and 23 lb, of the .third and 
fourth qualities. On the metal plates .some coke remains, which 
is knocked off and sold as fuel. 

The English plan of calcining soof consists in putting a 
small portion into.,a circular iron pan, about 2j ft high and 
2\ ft. in diameter, lighj;ing it by a rad-hot iron, and adding more 
from time to time as*the ignition proceeds. When the pan, 
being full, ceases smoking, the cove* is put on and its contents 
are allowed to cool. There is*abo\it 25 per cent, loss in‘this 
process, which should be conducted in a well-ventilated, glosed 
building. 

J. Bronner (private communication) burns all waste products 
of tar-distilling under a specially constructed stefmvboiler of' 
somewhat complicated construction, and forces the products of 
combustion by means of a fan-blas£ of 7 ft. diameter through 
long flues, provided with ground-in bottom-slides, into a soot 
chamber. The slides serve to admit air as well, in qrder to 
make different qualities of soot, according to their position, for 
all technical purposes—such as “ fat soot ” for oil-cloth manu¬ 
facturers, and calcined soot of all kinds for patent leather, 
indiarubljer, and printers’ ink manufacturers. , 

Thahvitzer (Ger. Ps. 9426 and 13691) prepares lampblack by 
rotating metal disks, cooled with water, over lamps fed with oil, 
and removing the soot formed by scrapers. 

Other apparatus for the manufacture of fampblack have 
been described by Benoist & Camolly (F,r.' P. 226418), Goulard 
(Ger. P. 34324k Wassermann (Ger. 'P. 35104), Rossler & 
Reinhard (Ger. P. 54201), Schl6sserJ& Ernst (Ger. Ps. 31108 
and 35942), Rosing(Amer. P. 432410), Neuninger (Ger. P. 5^4^),. 
Eichfelder & Winckelmann (Ger. P, 57278), Schneider (Amer. 
P.487971), Mueller (Amer. P.492255), Wegelin (Ger. Ps. 105633, 
114280, 124467, 129647, 138940, 1791‘79, 198646, 201262, 
202118); B. P. 13837, o‘f 1903; Meiser (Gern P. 203711). 
ZtWntt {Die kunsilichen Kohlen, Berlin, 1^3), Alfons Custodis 
in Dusseldorf, Zerr und Riibenkamp {Handbuch der Farben- 
fabrikation, Dresden, 1905, p. 590). 

The smcke issuing from the chimney of lampblack chambers 
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is rather offensive; this should be avoided by making the 
passage of the gases so long that at last all the soot is effectu¬ 
ally condensed. In an Engli*h works there is a “black-house,” 
150 ft. lopg, and so divided by partitions as to cause the smoke 
to traverse a distance of 500 ft.; it then passes through a fire 
in which it is completely consumed. 

The last portiobs'of soot, before the gases issue into the 
air, are u^ally retained by coarse canvas, or by a wire sieve; 
but these filters are quickly stopped 
up and cause much trouble. This is 
avoided by Kohler’s apparatus, shown 
in fig. 102 . It is a kind cff Venetian 
blind, 3 ft. square, made of sheet-iron; 
the flakes of soot, on striking against 
this, %re deflected and fall to the 
bottom, _ whilst the gases pass out 
without hindrance. 

The same object is'more, com¬ 
pletely attained by Siemens’s “spiral 
deflector,” Fig. 163, where the gyrat¬ 
ing movement imparted to the gases 
causes the solid particles to coalesce 
into larger masses, which, on leaving 
the spiral in a tangential direction, 
strike "against the walls of a collect¬ 
ing-chamber, whilst the gases escape 
into the chimney. 

Arrangements for dealing with the 
gases escaping from ^the soot-condensing chambers^ are also 
described by Lindner (Ger. P. 47907), Dewey (B. P. 14644, of 
1889 ; Ger. P. 51896). • 

The observation made by Professor Lodge, that soot or 
similarly finely suspended particles may be caused to subside 
rapidly by*means of an efectric'current, has been followed up 
by Irvine and Mitchell (/. Soc. Chem*Ind., 1889, p. 377), and 
with perfect success, but the cost "of the process has so far 
prohibited its practical application. 

Applications of Soot {Lampblack ).—The soot, as it is removed 
from the chambers, is directly fit for most use?. Enormeus 
quantities are now consumed in the manufacture of carbon 



Fig. 162. 
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electrodes; also in that of patent leather and for printers’ 
inks. In this crude state soot contains tarry substances, 
which can be easily perceived by rubbing it up with a few 
drops of spirit of wine or ben'/ol on a piece of whi^e paper, 



Fig. 163. 

» • 


when a brown colour wifi be noticed on the other side of the 
paper. 

For better printers’ and litho^aphers* ink these empyreu- 
matic substances must be removed, which is done by calcining 
in«losed parts in a furnace, as shown in Fig. 164, about S X5 ft. 
wide and 12 ft. high. At the bottom there is a grate (C), 
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provided with an ash-pan (B). Above C five brick arches (D) 
leaves spaces (E) of 4 in, width for the passage of the fire- 
gases. The space above the afches is levelled by brickwork, so 
that twenty-four rows of cast-iron pots can be placed on it, 
9 in. wide, 16 in. high, and { to f in. deep. Each pot is 



0 1 2 3 IIU 

I.' ■ . I M I I I _ 1 _ 1 _ I 

* Fig. 1S4. 


provided with a rebate round the top, into which fits the bottom 
of the next higher pot, only the top pot of each row having to 
receive a separate cover. The joints are well luted with clay. 
The charging-door K is bricked up during the operation. The 
fire-gases escape through four flues (F, F) in the four corners inlo 
a common chimney (I). The furnace is fired for eighteen to 
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twenty-four hours till red-hot, and must then be allowed to cool 
down completely, as the hot calcined soot would take fire in 
contact with air. It forms a light, coherent mass, which is sold 
either as such or in the ground state. 

The colouring-power of soot is all the greater the more it 
has been purified from tarry matters. Runge' examines it by 
mixing I part of soot with 2 of alcohol* and 24 of gum-water 
(made from 2 parts of gum-arabic), taking up some of the 
mixture with a dry b'ush, weighing the brush along with the 
paint, and painting v.ith it on writing-paper divided into 
squares. The colouring-properties ''f the soot correspond to the 
weight of the paint used and the nulnber of the blackened squares. 

Wilhelm and Bohnstadt (Ger. Ps. 12282 and 12286) make 
printers' ink by mixing 100 parts of coal-tar with 6 to 15 rosin 
and 10 paraffin oil, forcing through a sieve, treating with 
bleaching-powder to destroy the smell, and mixing with 20 to 
25 parts of glycerin and 12 to 18 parts of lampblack; for the 
finer qualities a dark aniline colour *s added. Or the tar is first 
heated with 2J or 3 per cent, sulphuric acid, neutralized with 
soda, treated with chlorine as above, mixed with 2^ or 3 parts 
of lard and 4 or 5 parts of gl;i4cerin or 8 to 10 parts of soap. 
Sometimes they add iV to yjj- per cent, lampblack and 
logwood extract with bichromate of potash, alum, or cream 
of tartar. 

Meurer (Ger. P. 133502) employs the soot for staining glass 
with a red colour. In order to prevent the loss of the soot in 
the glass crucible in the shape of dust, he previously mixes it 
with sugar syrup and moulds it by compressioif. 

The,formation of soot from tar has tjeen utilized for protect¬ 
ing vineyards during cold nights agamst the action of frost 
(Russig, Chem. Zeit., ii., p. 238). 

Properties of Lampblack or Soot .—The average litri_-weight 
of the loose soot as it comes out of the chambers, according 
to Zellner {loc. ciU, p. 55), is only 41 g.; f.«., a vessel of a 
capacity of 100 litres would only hold 4 g. of it. It is 
therefore necessary to condense the soot before sending it 
out in bags or casks. This is jn the first instance done by 
compressing it in the bags by hand and by the feet, and 

> Grundriss dtr Chemie, 1842, i., p. 65, on the authority of Schulti, 
SUinkohlenikttr. 2nd ed., vol. i., p. 91. 
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furthermore by means of suitable presses or rollers. Accord¬ 
ing to Zellner the average litre-weight of soot, originally 
weighing 41 g. per litre, afteP passing once through the press 
or the rollers, is 236 g, after four passages 306 g., after 
eight passages 370 g. 

Zellner {loc. cit.,^p. 71) states the composition of six samples 
of soot, manufactures in various places as follows (we here 
quote o;rly the extremes):— . 

Loss by drying, from 1-40 to 6-42 per cent. 

Loss by calcining, from 078 to/i-S3 per cent 
Ashes, from O'O^to b‘S 3 per cent. 

•Lastly*we quote, from K’ohlef, some statistical data on soot, 


giving also only the first and the last 

: — 



Imported. 

Exported. 


TotiH ijoot. 

Tuns Hoot. 

11894 

(S,prni?ny|jgj^ 

275 

996 

1200 

3113 

United Slates/ 

. 

690 

11910 


848 


France in 1905 exported 1316 tons of soot, 94 tons of 
printers’ ink, 109 tons of electric carbons. 

Russia imported from Germany in 1903 690 tons, in 1910 
844 tons of soot, mostly for the manufacture of black india- 
rubber galoshes. 

Statistics on the Production of Creosote Oil. 

We have already in Chapter I. given statistical data, com¬ 
prising also the production of creosote oil for England (p. 30) 
and Germany (p. 35). 

In this place we qupte the offioial data on the importation 
and exportation of creosojte oil for Germany rtn the following 


years:— 

0 

Imports. 

Export!?. 

Te.r. 

Tons. 

Tons. 

i 9®3 

• • • •6759-5 

8596-0-' 

1904 

5607-7. 

12919-0 

1905 

•. . 7264-8 

23292-2 

I 9 c 4 

. . 58o5f8 

28261-0 

1907 

• . 7034-0 

50802-0 

1908 

6856-6 

68567-4 

1909 

9799-0 

944 i 6;7 

1910 

5120-5 

89842-7 

I9II 

2746 

105100 






CHAP.TER VII 

AN'l'llK acen'k on. 


AnthracRnk f)il .(grepn oil, green grease, red oil) consists of 
the highest-boiling portions of coal-tar, startiijjr from tlie point 
at which the oils begin to'separate solids again (r.c., when the 


rtierfnomcter shows about 270'" C. in the vapour), and going on 
to the end of the distillation. Its boiling-point is between 


28 ( 3 ° to 400” C. Its specific gravity about i-i. Its colour is 
grccnigh-yellow when fresh, but it turns more bro\v,nish by the 
action of tht air. -At 60" C. it should be quite liquid, but 
when cooliiTg down, the crude anthracene separates out in the 
form of greenish-yellow, sandy prystals. 

Com/’flsitioH of Anthracene Oil .—It contains essentially the 
following bodies—napnthalcne, methylnaphthalene, anthracene, 
phenanthrene,acenaphthene,diphenyl,methylanthracene, pyrene, 
chry sene, retene, fluorcnc,fluoranthene, chrysogen,bcnzerythrene, 
carbazol,acridinc,hydroacridine; bu 4 along with these substances, 
all of which (except methylnaphthalene) are solid and partly only 
fuse at •a high temperature, there is a mixt'iire of liquid, high- 
boiling oils of which we know as yet very little. 


An inve.sti^tion,made by E. Lehmann (Inaugural Disserta¬ 
tion, Munich, i9n)of the indifferent hydrocarbons of anthracene 
♦-'il showed in the liquid portion, besides the substances re¬ 
movable as picrates, the presence' of the hydrides of anthracene 


and phenanthrene (the di-, hexa-, deca-, aqd dodecahydride of 
anthracene, and the tetfa- and octohydride of phenanthrene), 
also the paraffins of the formula (eicosan), and C22H,,i, 

(decosan)* the perhydridss of t)iose hydrocarbons could not be 
found. Substances containing oxygqp (phenols of high boiling- 
point) are alsy present; of these k and /3 naphthol have been 
distinctly proved tft exist hi coal-tar. The whole forms a 
mass rather thinner than 'butter, with .crystalline grains or 


scales intetmixed, of greenish-yellow colour. 

The tvSrking-up of anthracene oil consists essentially in the 

689 
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separation of the solid from the liquid hy,drocarb6iTs by cooling 
and pressing. ' The latter go,back to the heavy oil, of which the 
anthracene oil was the last fraction; or they are employed as 
lubricants, or arc redistilled. The,solid portion is either.sold as 
crude anthracene or is further purified by “washing.” 

Simple as the process of mak'ng crude anthracene appears, 
•the different ways in which it is conducted make great differ¬ 
ences in the yields of anihraccne, which,'from the high price 
of this article, considerably affect the profits of tar-diStilling. 

The quantity of crystals which'3e|;atate on the cooling down 
of anthracene oil, and which constitute the crude anthracene, 
is from 6 to lo per cent, of the anthracene oil. As these 
crystals contain about 30 per cent, real anthracene, the latter 
amounts to from 2), to 3! per cent, of the anthracene oil. 

Currie {Chew. AVrecr, xx-xi, p. 175) a.sserts that a. larger 
yield of anthracene is obtained by addirtg .sulphur to the tar 
before distilling; a copious evolution of hydrogen takes place. 
It does not appear that this process is worked anywhere. 

Kispler {he. c/r.) justly remarks that that department of a 
tar-distilling factory in which large quantities of crude products 
arc worked up, in order to recover only a small quantity of final 
products, causes very considerable expense, with very small 
profits. At the present Ic.v selling prices of anthracene its 
recovery can only pay where it is done on a large scale, and 
with plant di.spcnsing as much as possible of manual labour. 

The rentability of the recovery of anthracene is also strongly 
influenced by the auality of the tar. Gas-tars, formed in the 
distillation of coal, to which a considerable addition of cannel- 
coal or other descriptions of pa’raffinoid foals had been made, 
yield anthracene containing paraffins which is quite unsaleable. 
Altogether the pe-centage of anthracene in the crude tar 
is decisive on the question whether A plant for the recovery of 
the anthracene will pay, or not. 

Quality of Crude Anthraecve .—According to Rispler, the 
percentage of pure in crude anthracene is greatly dependent 
on the origin of the tar. Pressed raw anthracene from gas- 
tars contain from 34 to 37 per cent, of pure anthracene ; raw 
anthracene from coke-oven tars only 20 to 24, sometimes as 
ludo as 14 tc 16 per cent., in which case the recovery of 
pure anthracene will not pay. The percentage of pure anthra- 
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cene and tfcef other product^ is shown in the following table. ,■ 
There is recoverable :—• 


100 kg. Crude Oil yield. 

% ^ . 


Direct deposit . . » . 

Fro» the tillered .Ththraceiic oil . 
From the r^idue*left.bclnp,ji on 
distilling the filtered oil •. 





From CJas-tar. 

From Coko-ovou Tar. i 

i 1 

Pure 

I’resspd 

P i 

liirn ' 

SMbstancp Anlihracciio 

•<itb8taiii-o. 

Anthruceiip. j 

0-72 0-259 

2-10 

0-503 ! 

0*14 'j'‘ 0-0.;6 

o^ 

6 

0*152 1 

^ 0-26 o-of)7 

1-05 

0*115 

I-I2 0-372 

4-10 

0-770 ; 


Tf ^the market prices arc tolerably good, it is possible to get out 
of gas-tar, containing 0-372 per cent, pure anthracene, 0-3 per 
cent., Since the quantity of pressed substance is snWall and the 
cost of wcjfking it correspondingly low ; but from cokc-c)Vcn 
lar, containing 0-770 per cent, pure anthracene, on account of 
the large quantity of crj'.stals to be worked up, on!)' 0-4 to 0-5 
per cent. It is therefore not always the best proceeding to aim 
at the largest possible yield of anthracene. 

Ihe percentage of pure anthracene in the crude anthracene 
crystals varies very much with the boiling-points of the distillate. 
In working up coke-oven tar and dividing the anthracene oil into 
nuoieroussmall fractions, Risplcr obtained the following results:— 


I 


action 

KpCCllK-, 


Pure .Nntliraci'iM' 

PiliR AnUiraruini 

No. 



Hi th« 

in Hin 




prossi-d substance - 

fraction. 



per rent. 

per cent. 

fipr eeiil. 

r 

1*050 ' 

21*1 

3-66 

0*77 

2 

1055 

19-2 

4*99 

0-98 

3 

I *060 

11-2 

11-57 « 

1*29 

4 

1*065 

*’.•4 

18*12 

1-34 

5 

1*070 

6*8 

27.98 

1*90 

6 • 

1*075 

9-1 

29*69 

2-72 

h 

I *080 

Q;i 

27 - 5 f) 

2*52 

8 

1-085 

10-3 

25.78 

2*65 

9 

1*090 

13-0 

22;?7 

2*89 

10 

1*095 

14*4 

’22*40 

3*22 


•1*100 

14-3 

So -38 

3*32 

12 

1*105 1 

i6-8 ^ 

2 dh 4 

3*39 

13 

• 1*110 

25*4 ^ 

15.09 

3-S4 

14 

I.I15 

25.4 


3*37 


1*120 

24.4 

14*61 

« 3-56 


1*125 

24.0 

14.60 

3-51 i 

17 

1*130 

2 .V 3 

14.49 

3*66 
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When working up a mixture of the fractions, beginning with 
No. 4, (sp. gr. '1-065), up to the end .of the distillation, and 
repeatedly distilling the filtrates,nthe following, yields were 
obtained:— ' ^ _ 




5 

Pressed s 

f 

ibstaDce^ 

<S a 

a 

a . 

u 

Fractionn. 

u 0 

bo oi 

5 

0 

r 

0 . 

.i ^ 

a £ 

^ a 

0 s 

. o-So 

OiO 

0^ 

£■»' 

t'E 


> yj 

£ 

^•2 

.S a 1 

5 t 

o< 

a 0. 

•« 0 

0 

% fl 
^ 2 

"a 

O'" 

2 a 

8 





]»erf.ent 


percent 

per cent.'1 

41017 . . I 

By distilling the 

1*09 

20-00 

11-00 

6-10 

20-10 

2-21 

0-67 

2-20 

0-442 

filtered oil . | 



II-00 

1*22 

0-134 1 

t 

4 






3-42 

<1 

0-576 







-t- - 

' . __ 


On comparing the analyses of fi;actioit,s i to 17, it is seen that 
fractions 4 to 12 yield a good, fractions 3 to 17 a poor pressed 
substance; from this, Rispler concludes that it would be 
advantageous in actual work to condense the anthracene oil in 
two fractions, corresponding to his small fractions No. 4 to 15, 
as “anthracene oil No. I.,’.’ and the fractions 16 and 17 as 
“anthracene oil No. 11 .” These wouUl yield the following 
products:— ' 





Pio.ssed aub.stujice. 

8:4, 

r « a *t 





111 




S-a 



1 . 

JS 




£ a 

S.S 

Fractious. 

'-C £ 

a. 

0 

a 

• a 0 

V i 

Oh 

» Per cent, o 
pure anthrac 

■IP 

Ss-S 

9 0, 

0 V. 
rt ® 

0 

^ u 
o'" 

2 8 
£ « 

" 

Yield of pur 
cene from 

Anthracene Oil I. . 

I'I03 

17-02 

10-6 

21.3 

2-26 

0 

0-385 





*- 



Anthracene Oil II. . 

I-I 35 

2;98 

25*8 

14.0 

3 'fii 

0-77 

o-io8 

II 







K 

2-57 

0-493 


Only the anthracene oil 1 . should be worked for„commercial 
anthracene, containing at least 40 per cent, pure«anthracene. 
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whilst anthracene oiMl. on^ pressing or ccntrifugalliiig yields 
substances which it does not pay to work for commercial 
anthracene, anct which nhc^ld be made use of for softening 
the pitoh or for^ manufacturing soot, whilst the oil filtered 
■ therefrom can be utilized as an absorbent for naphthalene, 
or’for “carbolrtieurp.” * 

* Most factories do not proceed ih this manner, but collect the 
anthracene oil in a Single fraction,'^nd redistil the oil filtered 
from the frystals,.obtaining a less valuable crude anthracene 
from fraction II. and ^filtered anthracene oll^ for the above- 
mentioned purposes. 


CrystallirMtion of Crude Anthnurne. 

Cutliug the Antlirnccnc Oil .—The oil is first allcswed to rest 
for some tiifte, so as to cool and deposit the crystallizable 
SLibstance.s.* Even in summer five to eight days should suffice; 
but at some works a .fortnight is allowed. In any case, 
much anthracene remains dissolved in the liquid oils, which 
are therefore frequeritly redistilled in order to obtain more 
anthracene. Cooling by means of refrigerating mVtchines 
hastens anil completes the cry.stallization ; but as it also renders 
the mother oils very vi.scid,artificial. cooling would seem adapted 
only for the hot season. The cooling is be.st effected in .shallow 
iron pa-i.s, not more than iJi in. deep; vv*liere space is an 
object, several such may be mounted one above another. It is 
best not to aiol down to 15 C., since otherwise the crude 
anthracene conics out too impure. 

I Before pumping the crude anthracene into the cooling-pans, 
the water contained .in it, owing"to the employment <t)f steam 
in the last stage of the distillation of tar,.;ihould be removed, 
since it gives trouble in-the subsequent filtration and leaves 
an undesirable amount of moisture in the anthracene. The 
crystals dtposited in the.cooling-pans are usually in a muddy 
form ^ the oil was obtained from gas-tar, or in solid masses 
if obtained frogi coke-oven tar (Rispler). 

Rispler points tut that.-the oifJinary cooling-pans have 
several drawbacks. They 'require a good deal of manual 
labour, and, the men occupied with that vro'rk,,owing to tiie 
action of acridine, are subject to inflammations of the skin and 

2 I' 
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• of the eyes, which cannot be avojded ev,en by cleanliness on 
their part, so that,the men working in-that department must 
be changed at short intervals. ,Rispler therefore proposes 
a mechanical cooling apparatus (described in Chevi. Zeit.. 
1910, No. 121), consisting of tanks, provided with stirrers, served 
from a common driving-shaft, and charged with the hot oil 
'directly from the condensers of the tar'-stills. 

I<ilterino ;.—When tire crystallization, is confplctc, the pasty 
mass, testing about 10 per cent, o? pure, anthracene, is forced by 
air-pressure into filters made of strong bagging. Even in this 
process there are differences; and in 1880 I found at Some 
even very large work.s long rows of bag-filters of the old shape, 
in which the oil slowly drains off. A much better plan is 
the following, up to recent years frequently found in English 
tar-works, the apparatus forming a rough kind bf filter-press. 
A force-pump, or compressed air, forces the paste into a 
4-in. main-pipe, a (Fig. 140), from which branch off a number 
of i-in. T-pieces, b b. Over their flanged end sack.s, c c, made 
of strong bagging, are tied with string. The sacks are open 
below,’ but are at first tied there also. When filled, they 
are about i ft. in diameter and 4 or 5 ft. long. They hang 
over a tank for receiving the oil draining off. When the forcing 
apparatus is set in motion, the sacks are filled with the 
anthraesne-oil pa.ste, of which the liquid portion at once begins 
to drain off. This goes on slowly, as the oils are viscid ; but by 
increasing the pressure, until the gauge shows a*: least l atmos¬ 
phere over-pressure, the draining is effected much more speedily 
and completely, so that the contents of the sacks become nearly 
dry. Certainly a considerable quantity of the finer crystals 
is forced through t^e bagging along with the oils; therefore the 
latter must be allowed to settle, and the deposit again pressed. 
When, in spite of pressure, nothing more runs out, the sacks are 
emptied. For this purpose a small carriage, d, is ru'n on a line 
of rails underneath each sack in turn; the lower string is 
untied, and the falling-out of the contents a.ssisted-by knocking 
the sack. Ihe rough antnracene thus obtained usually contains 
12, or at most 15 per cent, anthracene by Luck’stest. 

In Germany ffltering-boxes are frequently employed, with 
laths on both the sides and bottom, about an > inch apart, 



Filtering 


595 


covered with rather ilensel)* woven jute sacking, where the 
crude crystals are allowed about .a week for draining." The 
jute filters, when ^uite ne\il, ahvays'allow some of the finer crystals 
to pass-through, but aft^r a short time the oil passes through 
in a clear, state, certainly very,slowly. The filtering-boxes are 
,^placed directly over*he reserifloirs fjor anthracene oil (generally 



Fig. 140. 


made of wrought iron), froSi which the oil is forced either by 
pumps or by montejus into the redistilling apparatus, or into 
store vessels. * Since it takes about a V^ek before the anthracene 
has completely crystallized put of the next charge, there is 
sufficient time for the draining in the filterfn^-boxes. 

The just-described style of filtering i.s, of cours?, not adapted 
to the requirements of large factories. In these for,a long 
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time past filter-presses have been, employed, of which there is 
a great variety of'systems. •-We sho\V here, iji Figs. .141 ahd 





Fig. fj.2. 


J42, the press desigrfed by Danek, and manufactured by Messrs 
Dehne, of Halle. We abstain from describing these presses 
and the way of working with them, as this is generally kno'wn. 
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and such dts'cription# are ^ways obtainable from the firms • 
su'pplyiog Ih'-’ presses.' "The emp)o)'ment tvf filter-presses can 
be especially rtcommeflcre*!. for treating' anthracene oils of 
a tougtl* kind and yiel.ding. comparatively little crystals, e.^,, 

■ that obtained from ga,s-tarl this case a comparatively high 
• pressure must ^e applied, in'order to obtain a sufficiently dry 
filter-press residue containing from 12 to 18 per cent, pure' 
anthracene. After thoroughly stirrfng up the oil in the cooling- 
or crystalfizing*pans,.rtie whole contents of these is run into 
a forcing-boiler (prefertjbliv |?rovided with agitating gear) and 
forced through the filter-press at a pressure of 2 or 3 atmos¬ 
pheres. When all tjie frames of the filter-press are filled, the 
last, particles of oil removable in this vvay are forced out 
by compressed air, and only then the pressed cakes are taken 
out far further manipulation. 

The cos^ of workmg the filter-pre.sses is comparatively high, 
tiwing to the considerably amount of steam required for the 
pump, and of the manual'labour. When working up anthracene 
oil from coke-oven tar, which yields much more and com¬ 
paratively large-sized crystals, the employment of filter^resses 
cannot be recommended, sinfe that description of oil filters 
much more rapidly, and the large quantity of solid masses 
compels emptying and recharging fhc press at short intervals. 
In ^this case, and nowadays in most cases altc^ether, the 
filtration takes place by means of an aspirating-machiife.. This 
is a box, open at the top, with a dopble bottom, the upper 
bottom being perforated with many holes and covered with 
a coarse filtering«-cloth. .The space between this and the solid 
bottom communieaies by mdSins of a pipe with a cylinder, 
generally placed belo^, and connected with the vacuum-pump. 
Great part of the oil pas^s through the filte.* without employing 
a vacuum, but the application of the latter hastens and completes 
the proces.s.' The solid residue remaining in the machine is 
not quite ?o dry as that oHlainedin the filter-presses, but this is 
not ofrvery great importance, since.newadays it is necessary to 
supply the nfaricet with anthracene 6f at least 40 to. 45 per cent., 
and such an article *can anyjTow only be produced by washing 
the solid residue with oil, etc. * 

In lieu bf the open aspirating-machine's, frflm which tffe 
pressed residue must be shovelled out by manual labour, thus 
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causing to the attendants the “pitch-cancer” mehtioned 
p. 20 !:, closed aspirating- 7 nachiiies can' be employed which are 
provided with a tightly screwed-o'.i cover, removed only from 
time to time for cleaning purposes, and .with a stgam-coil 
below the perforated bottom, whidh allows of dissolving the 
pressed residue after removal of the avthralcene oil to bej| 
dissolved in the solvent required for'its ourification at higher 
temperatures, and of.forck'i'g this solution by air-pressye to 
the place where it is tO be further treated.- In the top cover 
there is a tap fo" the compressed "hirif by which the mass can be 
blown out at the end of the process. 

Centrifugal machines are al.so* employed, with 1500 or 2000 
revolutions per minute, e.specially for thicker oiks. The crude 
anthracene is either put into sacks made of strong jute, placed 
close together, or, less preferably, passed directly into the drum 
of the centrifugal. The work is continued for about an hour. 
When commencing with the crude anthracene from the filters, 
the centrifugalled product show.s 2S to 33 per cent, real anthra¬ 
cene.' It is even possible (private communication from Dr 
Hucb) to obtain 70 or 80 per cent, stuff by washing the product 
in the centrifugal itself with solj'ent naphtha or other suitable 
liquids; but this process causes too much loss, and has been 
abandoned. According to the experience of Kohler, centri¬ 
fugals are,not suitable for treating mucilaginous anthracene 
oils, anfi require a large amount of power. Rispler points out 
that these machines, unless very carefully attended to, cause 
considerable losses of crystals, and, moreever, iequire frequent 
repairs. The centrifugals can be ad*'antag«ously employed 
for treating the solid residues ^obtained iry other means, and 
containing from 10 to 20 per cent, of alithracene oils. 

Hydraulic Pres^s .—Many factorieg, in preference to centri¬ 
fugals, press the preserved product ?n hydraulic presses, either 
vertical or horizontal. Vertical presses (Fig. 143; are mostly 
used ; they arc just like those employed at beetroot-sugar works. 
The rough anthracene is put into cloths and exposed to a 
gradually rising pressure^, at last up to 300 af-mospheres, till 
nothing more runs off. Sometimes, especially if the first drain¬ 
ing has been effected in bag-filters only, the first pressing is 
Sone cold; and at one of the works visited by me it was 
asserted that they were getting up to 30 or 32 per cent, anthra- 
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cene by mefe cold pressing, , But mostly that strength is only > 
attaine 4 by heating the mis, to make them more’ liquid and to 
melt the naphthalene. Thc»application of heat takes place in 



Fig.* 143. 

various waj^s.. Sometimes the oil is warmed before pressing, in 
a pan with double* bottom^*by means of steam’ and is then 
pressed in an ordinary hydraulic press. This process will 
hardly yield such uniform results as are obtained by real tl6t 
pressing. ^In summer fnom 35 to 36, at most 38, per cent. 
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anthracene is obtained, in winter sometimes neir 23 to 25 
percent. At the. previously .mentioned German worlds, whSre 
they got up to per cent, by fijter-{bre.s.sing,;they got up to 
32 per cent, by cold hydraulic pressing, and by meJ^ns of a 
horizontal press with heated pl^te.'? they, attained 50 to 52 
per cent., without any washing by naphthd. fn England the; 
•presses are usual!)' surrounded by a wooden jacket, and steam 
is passed in during this o^fcration. This process is not, wery 
cleanly; and the redistihation of the pressed'oil's is made more 
trouble.some by the admixture of HquiSed steam. Far the best, 
although more costly to erect, are presses similar to those used 
in the stearine-manufacture, whose hollow .plates are heated by 
steam to about 80° C. The form here shown (Fig. 144) of.the 
horizontal shape generally used at .stearine-works, is that 
employed 3t most German and Dutch tar-works. Thi;. kind 
of press is very efficient indeed, but it is’ rather troublesome 
to charge and discharge. Much more convenient is a press 
which I saw at a large English tar-works. It is a vertical press, 
each plate being hollow and heated by a steam-pipe joined to 
it by a steam-tight socket, just like the plates in the horizontal 
presses. Each plate is at either side provided with a pin, 
sliding in slanting grooves provided in the sides of the per¬ 
pendicular framework. When the ram rises the plates are all 
raised, and are eventually subjected to as much pressure as is 
desired ;■ but when the ram descends, each plate is arrested at 
a short distance from the next by the pins being caught and 
stopped, so that finally the plates appear fixed at equal 
intervals, leaving spaces between for .introducing the cloths 
filled with crude anthracene. ' ., 

According to Kraemer and Spilker {Mirspratt-Bunte, viii., 67), 
centrifugals work best, both with respect of cheapness and of 
removing the oil from the crystals. A niter-press of 24 chambers 
and I square metre section, in twelve hours yields about 2 tons 
pressed stuff; a vacuum filter.with-3 square metre's'filtering 
surface, from 2 to 3 tons; a, centrifugal with a drum of 3 ft. 
diameter, 1 1 to 2 tons. Preferably the main quantity of oil is 
removed by a filter-press or vacuum filterl’and the remainder 
by a centrifugal. The quality of stuff obtained by this process 
i^" about the same as that of cold-pressed stuff but of course 
inferior to the hot-pressed crude anthracene. 
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According to Kohler, hydraulif presses, both 'cold 'and hot, 
are ngwadays but r.arely employed for taking out the o.ils frdm 
crude anthracene. Since crude' anUiracene conj-aining less than 
40 per cent, pure anthracene is^now almqpt unsalel^ble, tar ■ 
di.sti!lers are compelled to applv further nurifvinp onerations, 
as will be de.scribed anon. 

Scholvien (Fr. F. 335013) fuses the crude’anthracene com¬ 
pletely (at too' C), and /wols down to 50°, -whereupop... the 
crystalline mass is drained and centrifHgallcd,‘'thus* obtaining 
directly anthracfne of 4'5 to fp pep cfnjt. The German patent 
granted for this process (Gcr. P. 1*1359) was abandoned in 
1902. <■ , 

Catchpole & Catchpole (B. P. 17641, 1903) purify naphthalene 
and anthracene by a “ sweating process,” f.«., by heating on a 
porous surfitce nearly to the fusing-point, viz., 70° C. for'naph¬ 
thalene, 200" for anthracene, in which pr6ce.ss the kss fusible 
impurities are removed. 

Trcntment of the Oils filtered front Crude Anthracene. 

Tho oils drained from crude anthracene by centrifugals or 
presses are sometimes added to 'the creosote oil sent out for 
pickling wood ; or else they„are melted up with hard pitch in 
the stills in order to make soft pitch, refined tar, etc. (p. 469); 
sometin\es t'ncy art; sold at a higher price as lubricants, If is 
most rational to distil them over again in ordinary tar-stills, in 
order to recover more anthracene, which no depibt previously 
existed in the oils, but had been kept dissolve^ by the liquid 
components, and hence can be obtained (although but partially), 
only by a new fractionation. In other places the oils are only 
kept for several njonths, and ‘the newly formed deposit is 
collected. E. F. R, Lucas ^ runs therfar-oil distilling between 
260° and 360^ (undoubtedly after separating the anthracene) 
through red-hot tubes fillpd w_ith bricks, and distil^-the dark 
oil formed thereby ; the oil distilling at 360° is rough anthracene. 
Almost the same proposal h^s been again patented by Hardman 
and Wischin*(No. 4517, Jkh November 1878), who substitute 
coke for bricks. At .the present fime processed of this kind 
hai.’e very littl? chance of financial success {cf. pp. 18.5 et seql). 

1 English patent, 24th Japuary 1874. 
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A. M. Graham ^ d^scribes^the following process as the most , 
suitable from practical experience on the latge scale for extract¬ 
ing the anthrac^e from '■th« filtered oils, which are frequently 
allowed *0 accumiilate to' an inconvenient extent, because the 
anthracene obtained from them is generally so impure as to be 
unsaleable. Ffactiflna'l distillation, retaining only that portion 
oflhe distillate which comes over' between 300" and 360°, is- 
diflfi(^lt and expensive. He prefers distilling, sa)'-, 1500 gall, 
of the filteVed oHs in a perfectly clean ter-still, free from tar and 
pitch, until crystals of anthracene begin to appeaj' in the di.sti!late 
on cooling. The distillailion is then stopped ; and after the 
{emjjerature of the remainderdias been sufficiently reduced, it is 
run-out into a tank and allowed to cool, when the anthracene 
crystallizes out in large quantity. A second and a third opera¬ 
tion c&n be performed in this way ; but usually it is found that 
the oil is sufficiently' exhausted in one operation. The solid 
•portion deposited in the tank will be found, after filtering and 
pressing, to contain at least 17 per cent, of real anthracene ; 
and this can be easily raised to 3C per cent, by fractional 
distillation or by wasliing. 

Watson Smith (priv. domgn.) was able to recover frbm the 
prcs.sed oils, after treating them, while hot, with a little con¬ 
centrated sulphuric acid and caustic alkali, a large quantity of 
anthracene by repeated distillatioins. The last oil boiled at 260" 
to 290°*; the fraction distilling between 260" 'and 280 ' Tieinaincd 
quite colourless after long standing ; it had a pleasant hay-like 
smell, and the»sp. gc 1-04. It is miscible with paraffin oil and 
animal oils, anAdissolv,es a considerable amount of tallow. It 
is also by itself a* gpod lubricant. He could also isolate 0-28 
to 0-45 per cent, crude anthracene cake from ordinary creosote 
oil, sold for pickling ; even in the light oil, traces of anthracene 
were found. 

Koleg^'distils anthracene oil under a pressure of 4 or 5 
atmospheres, which procctlure yields a bright yellow and mild- 
smelling oilj much preferable to ordinary anthracene oil. This 
process alsd admits of obtaining inore anthracene, as well as 
chrysene and pyrerft. Wheh working at 10 or 12'atmospheres, 
benzol can aYso be obtained, but this would not pay at the 

■ C)iem. News, xxxiii., pp. 99, 168. 

- Chem. Rev. Felt- «, Harzindustrie, 1898, pp. 94 and 97. 
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r present prices. The pitch remaining behind can be used in the 
ordinary way.- Tlxe apparatus (Fig. 145) .shows a retort, A; of 
various shape and size, heated by it .stffam-jackpt or an open fire, 
or, preferably, as .shown here, by TIi. & A. Ftederking’tj .system 
of superheated steam (Ger. P. 63315). B is^ an automatic valve, 
regulated so as to allow the vapours to pass oVer to the con-- 
• densers at a certain pressure. C is a preliminary cooler with a 
watcr-jet, by which the daij^er of explosion or fire is miniijjized. 





i. 

Fis. 145. 


D condenser, E a Florentine fla.sk for separating the water and 
oil. The retort A contains a feed-pfj3e a, running-off pipe h, 
steam-coil c d (cast into the sides of the vessel), perforated steam- 
coil e for open steam, inside noil i for indirect‘steam, / 
thermometer or pyrometer, h and I pipes for cooling-wat-er, m 
ditto for the preliminary cooler, n waste-pipe for foOling water, 
<7/waste-pipe for gases, ^'tap foi* the ligHter oils continually 
fractionated in the condenser, s pipe for the heavy oils, r waste- 
pipe for condeesed Water. " 

The retort is two-thirds filled, the ,valve B is regfulated for 
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the desired pressure, Jjnd the heating is commenced by means 
ofthe steam-coils c d and g i, or one of these. At first ordinary 
steam of 6 or ;} atmospheres ii! used, afterwards superheated 
steam. ‘If open s^eam fr'oin e is to b* used, it must be super¬ 
heated to the temperature of the retort; but this should not 
be done before ^he contents of the retort are quietly boiling. 

' H. Gunther ((jer. Ps,'9566 and '11930) employs the filtered 
antlnaccne oil for manufacturing /duck printers' ink. It is for 
this purpose boi’Ied with 10 per cent, of cupric chloride, which 
imparts a blackish-brown «)lc,ur to it. the varnish is composed 
of 40 parts pitch or aspllalt, 28 rectified oil of turpentine, 2 
aniline violet, and 2<i coal-tar-oil. 

The Riitgcrswcrke make anthracene oil inodorous by two 
methods: first, mixing with oxides or hydroxides, or salts of 
hcavj»metals, adding an alkali, heating up, and passing steam 
through the mixturfi for a certain time; .second, mixing the 
•oil with formaldehyde or acetone, or preferably a mixture of 
both, heating, and passir^g steam through for some time. We 
shall give details of their processes in Chapter VIII. 


Cot bplini'Kin. 

This name was given to heavy coal-tar oils, u.sed for the 
preserving of timber, by Avenarius, who for this purpo.se treated 
anthraaene oils by gently heating, agitating, and pa.ssing in 
chlorine gas, which is to deprive them also of their unpleasant 
smell (Ger. ¥. 46P21). This special product is known as 
“ Carbolineum .Avenarius” or “ Avenarine,” but the name of 
“ carbolineum ” is«g;iyen in Gevmany to many other coal-tar oils 
or preparations serving for the same purpose, since the original 
article has been found to be very useful indeed for this purpose. 

Some of these oils afe of much lower specific gravity, and 
really belong to the “ creosote oil,” to be treated in Chapter VI 11 . 
Filsinger* Zeit., I’Sgi, 544) reports upon some of the 
“carWineums” of trade, whose specific gravity, with one 
exception, between 1-046 and-M08, and which ought not 
to have gone under*that nanfe. Ac&rdingto Hodurek {Oesterr, 
Cheni. .?«■/., *1904, No. i§) good carbolineum should have a 
specific gravity not below l-i2o; it should'not-.begin to distil 
below 23cf C.; its inflamjng-point should be above 120“ C,; its 
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viscosity should be as great as p^ossible,, its coldur red-brown 
and it should-not contain any solid matter crystallizing out. 
Sometimes ordinary green anthracfne'-'oil is purposely coloured 
red-brown, to resemble i^al carbolineum, by^ adding oolouring 
matters, or filtered tar or pitch. Timber soaked with real 
carbolineum retains its nut-brown colour {or rf- long time, but 
timber treated with oils containing tar-or pitch soon get darker. 

Hodurek believes that tjj/; treatment wit'h chlorine, prcsjpibed 
by the Avenarius patent, is both useless and^inefifiHent. He 
found as much cljlorine ifi the original qil/o-l<S percent.) as in Car¬ 
bolineum Avenarius (o-l6 per cent.), and in both oils the 
aqueous extract showed just the quantity of NH.^ corresponding 
to the Cl present. The proportion of acids (phenols) in good 
carbolineum amounts to lo per cent, against S to 7 per cent, in 
ordinary anthracene oil. According to him, all the tbove- 
mentioned good qualities can be imparted to 'coal-tar oils 
without the application of any patented process, by simply- 
applying a suitable fractionation duritag the distillation of the 
tar. 

Recently there is found in the German trade an article, sold 
as-“ Inodorous antinonnin-carbolineum,” which consists of 
potassium dinitro-crcsylate. 

Graf & Co. (Ger. P. 63218) make similar oils by treating 
wood-tar or coal-tar oils with ozonized oxygen or air. 

Herljprri (B. Pf 3922, 1901) obtains a product equal to the 
“ Carbolineum Avenarius ” by shaking up anthracene oil with 
3 per cent, hydrochloric acid and 2 per cent, of a saturated 
aqueous solution of zinc chloride. The product is reddish- 
brown, without smell, and contains 2 per cent, chlorine. 

The article sold as “argon” seems to be identical with 
carbolineum. “ Batol ” is carbolineum containing some copper 
compound. “ Phenola ” is another name for it. 

Emma Homann (Ger. P. 154034) employs Carbolineum 
Avenarius + 2 per cent, soft soap + l- per cent, cupric! sulphate 
as a protection for trees against “ tree-cancer ” and the ra.vages 
caused by animals. r ' 

^ Knoll & Co. (Ger. P. '--175384) obtain '■permanently liquid 
high-boiling coal-tar oils by the addition of high-boiling dis¬ 
tillates from juniper tar or other wood-tar, or distillations of 
bituminous masses, like ichthyol oils. , 
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Hubsch reports iti a Silesian paper that a human body 
which had been buried in a coffin impregnated with carboIin,eum, 
on being exhumijd after ttvo^/ears, was found to be altogether 
mummified. ' 

‘Nbrdlinger {Pharin. ZttV., 1907, p. 1097) tests carbolineum 
and similar oils'by absorbing«them in scraps of porous paper, 
estimating the loss of w’eight by volatilization of the lighter oils 
and (jjtracting the residue with ether, 

G. Blais and* Sohn« (Ger. P. 177249) employ anthracene 
residues for converting ]i(»uic> tar^into *a solid .mass. 

Bokorny {Biiu/ncn, igfi, p. 349) di.scusses the action of 
carbolineum on vege^tation. k does good service for treating 
injured trees and shrubs, as protective paint against shield-lice, 
etc.; also for disinfecting the soil. According to Hiltner, it 
essentially promotes the fertility of the soil, but ascording to 
Molz {Baku 'Zentr., Joth May 1911) it does so only if put 
kr the soil several months before sowing, whilst it is injurious 
if the disinfection takes 4’lace .immediately before putting in 
the seed. Molz states that “soluble carbolineum ” (solutions of 
tar-oil soaps) in 10 or 20 per cent, solutions frequently acts 
very well against .shield- apd blood-lice, caterpillars^ tree- 
cancer, peronospora, mould, bacteria, etc. For destroying the 
weeds in vineyards the raw tar-oiis or raw phenols do very 
good service. The sensitiveness of the leaves of plants again.st 
carfioliueum solution (10 per cent.) differs'very much; the 
leaves of apple-, peat-, plum-, peach-, gooseberry-, currant- 
trees are very «sensitive to it. 

The testing erf carbplineum will be described at the close 
•of this chapter. 


Employment of Anthrucenc Oil for renwJtng Naphthalene. 

An important use of anthracene oil is that for removing 
the uapht/fhlene from ilhuifinatinggas (Bueb’s process), and thus 
preventing the stopping-up of gas-pipps by naphthalene crystal¬ 
lizing in them (/. 1902,119.516,872; 1903,9.45). The 

oils are most suitable for thi# purpolc when cooletl down, and 
the less distillates up to 270° C. they conta.in. Thus anthracene 
oil of sp. gf. I-11, according to Hodurek {Oesterr. Chem. Zeit., 
1904, No. 16), at 28“ C. dissglved 22) per cent, of naphthalene, but 
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when from the same ofl the oils distijling up- to 270° were 
removed, this- distillate dissolved only 3 per cent, naphthalene 
(oils from lignite tar dissolve'up to 3 j'per cent naphthalene). 

Since the anthracene'oil used in Bueb’s process weuld take 
out of the gas some of the benzol vajJour, so important for its 
illuminating power, it is now usiwl to add Jo tire anthracene' oil 
used for washing the gas, 4* per cent, benzol." In this ca.se'the" 
gas passing through the washer neither g^ves up nor taljps up 
benzol from the washing oil at the proper temperilture. The 
firm Ropert in De.ssdu sells by the,name of “ Ropertol ” oil 
corre.sponding to Bueb’s descriptien, of two kinds (with or 
without benzol). 

Ellery (_/. Cas Ligltttug^ lyio) has found the following data 
for the absorption of naphthalene at o". 


Benzol 



I’er cdiit. 

'i'ar oil (? quality) 



9^74 

Creosote oil . 



. 3-15 

Ameriam gas-oil 



5-89 

Oil-gas tar 



23.50 


The .strong action of oil-gas tar shows that this tar must do 
good service for removing the naphthalene from coal-gas and 
water-gas. In fact Gill (/. Gasbelcuc/it., 1910, p. 1097), on 
passing coal-gas through a scrubber, fitted with coke and fed 


with waterjgas tar, removed the naphthalene from the gas down 
to 0-6 tj 1-6 g. in 100 cb.m. 

Bayer {ibid., 1911, p. 496) gives his results on the action of 
various tar-oil fractions in this way. ^ 


Tar-oils used in the Constructifin of Basic Linings in Steel Works. 

J. Wagner (AVr/ mctalL, 1914','xi., p. 1 11) compacted powdered 
dolomite with each of several fractions obtained in the distilla¬ 
tion of coal-tar, heated the mixtures at 700°, and determined 
their strength in compression. Frora his experiments he drew 
the following conclusions as to the useful constituents,,of the 
tar: (i) The acid oils (creosote oils) are useful, because their 
fluidity facilitates intima'te mixture, theiv acidity causes dis¬ 
integration of the dplomite, and their decomposition furnishes 
errbon for cementation; (2 and 3) the anthracene oils and 
the heavier products which leave a la/ge residue of carbon. 
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The hanuft^ constituents of tar are as follows ; (i) the light 
oils which in volatilizing without decomposition .may carry off 
useful substanpei; (2) th& niyjhthaTene which prevents penetra¬ 
tion of tjie usefiS bodies; (3) carbon in too great quantity ; (4) 
organic “bases which neutralize the acids. He recommends 
carrying out tha disfillation vacuo to completely remove the 
liaphthalene at a tow temperature. 


Furificatio)t of tk? Pressed Anthracene hy Washing. 

Formerly at mo.st worWe the anthracene turned out by hot- 
pressing only came up to abeut 30 to 33 per cent, in winter, 
and^33to36percent. in summer. In 1908, the crude anthracene 
was sold in Germany at 40 per cent., to which point it would 
appear it can now be brought without any difficult. At one 
German worRs I was'credibly informed that they got up to 50 
«r even 52 per cent, without any washing with naphtha, by 
three successive pre.ssing^, narpely, 12 per cent, by the filter- 
press, 32 per cent, by the cold hydraulic press, and 50 to 52 per 
cent, by the horizontal steam-heated press {supra, p. 600). 

Such work, however, is decidedly exceptional, and "can be 
explained only by differences in the fractionation during the 
distillation of the tar. The great majority of tar-works obtain 
such rich anthracene only by washing, i.c., treating with solvents 
of the impurities. As such, carbon disulphidt and alcqjiol have 
been thought of, but have hardly ever been used, on account 
of their cost, itheir, volatility, and the danger of fire. The 
reagent used io most^places is the solvent naphtha which is 
obtained on rectifying the ligl*t tar-oils, and essentially consists 
of xylenes, pseudocuKienc, and mcsitylene. It distil* between 
120’ and 190“, as we shall see tn detail in (Jiapter X. In this 
naphtha, especially phefmnthrene, is much more soluble than 
anthracene, but the carbazol (of which there is about 14 to 
r8 per cellL present) is ntit renjoved, but remains behind with 
the anthracene. In England, petrolqum spirit of not more than 
90'boiling-pojnt is frequently usedj that boiling at 100° dissolves 
too much anthracent. CreosBte oil ft also sometirPes employed, 
as we shall see. 

Before Washing, the rough anthracene cake should be groi*nd 
up into fine powder, whicji must also be done if it goes directly 
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, into the trade. The grinding is effected ijy an/sort of hiachine' 
such as horizontal mills, edge-rdnners, studded rollers, Cvr’s 
disintegrators, etc.. The po'\^der grod'uced is usually s'tirred up 
during several hours with the naphtha in closed irpp boilers, 
vertical or horizontal, fitted with i lieehanical agitator'and with 
a steam-jacket or an interior Jteam-coif. This is done for 
several hours, gentle heat being applied ; and the whole is theiT 
forced by compres.sed air ipto a filter, consisting of an' iron box 
with an inner perforated false bottom, co^vered with canva.s, where 
the solution is^separaled from the'solifl parts, the separation 
being greatly facilitated by the air-pressure. To avoid danger 
of fire, the filters, the tanks for receiving the oils, etc., must n*t 
communicate with the outer air. It would seem advisable to 
employ an arrangement sketched in Fig. 146; a is the dissol^ing- 



Fig. 146. 


boiler with its agitator; b, the filter, with the manhole c 
for removing the anthracene; d, the vessel for receiving the 
solution of the impurities in naphtha; c, an air-pump, 
aspirating the air from d and forcing it into a. Thus the 
whole o^ the paste is forced through the pipe f into the filter b, 
and the solution through it into d. In this way the same 
quantity of air is always circulating,.and a loss of naphtha is 
avoided as much as possible. Or else the mass may be treated 
in a centrifugal machine. c- 

The once-used naphtha ' is always recovered, except the 
inevitable loss, by distilliiig^^the solution. The residue remain¬ 
ing in the still—consisting mainly of phenanthrene, along with 
some anthracene, methylanthracer.e, naphthalene, phenol, and 
unknown liquid htbricating-oils—is mostly not used for any¬ 
thing except burning to make lampblack (p. 373), for which it 
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is very suitable';'but c£ye should be talten that no water remains 
mixed with it. From this residue, as well as from other 
products of coal-t4r distill^iOll,/?r'rc phcnanihrcne. might be pro¬ 
duced in iarge quay:tities,'if this substance should ever become 
the karting-point for other ifseful products; at the present time 
it has practically Yio cpmmercia^ value. We come back to this 
point at the end oAhis chapter. 

So^e anthraoene-refiners recove»,by fractional crystalliza¬ 
tion, the aifthracene, of which there is Sometimes as much as 
8 per cent, in these resi(^«s; but the majority«eem to think 
this process too expensivf?, especially as this anthracene is 
always contaminated ^with mclhylanthracene. 

The washing-process employed at one of the largest English 
tar-works is as follows;—The hot-pressed anthracene is ground 
up, and» is well-mixed in a closed machine with het solvent 
naphtha, at a temperafure of 77° C. The mixture is allowed to 
c»ol down to 21° C., and is now submitted to strong hydraulic 
pressing. In order to av*id escapes and danger of fire, the 
press is enclosed in a casing. The press-cakes are heated in a 
‘3-ton still up to the melting-point of anthracene, the vapours 
being condensed in a small woyn ; and the melted anthracene 
is run out and solidified in iron boxes. The solution running 
out of the hydraulic presses is distilled in ordinary light-oil 
stills, and the distilled naphtha is used over again for washing 
anthracene. The residue remaining in the stil'l is first treated 
for the extraction of some anthracene, by a process said to be 
very simple, anrf is then cither burned or worked into the 
creosote oil or the pitcl^ 

• The washing with.ijaphtha ytelds a product of at least 45 or 
50 per cent, real anthracene, and with proper care upvvarfls of 50 
per cent.; the highest amount formerly obtained was 70 per cent., 
and refers totheabove-menttoned article that had been previously 
brought to 50 per cent, by three pressings. Some manu¬ 
facturers, dt’ring recent yeSlrs, have got up to 80 or even 85 
per cen^, but mostly without commeacial success. Later on 
methods have*l:;(pen worked out for attaining that strength in 
a better way (see belbw). Oif the ofher hand, some makers 
only get at mok 30 or 40 per cent., by treating the rough 
anthracene, merely purified in the centrifugal machine of 
filter-press, with naphtha aqd then submitting it to hydraulic 
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pressure. Hence the former prpcess sepms mofe'rational than 
the latter. .. . ■ 

At one of the largest English vi o'rlvs they w?sh- first with crude 
solvent naphtha [i.c., the second distillate o,f the light-oil still). 
As much as 56 or 60 per cent, anthfac'ene is said to be obtained 
in this way. 

Perkin * prefers washing with pctroleuni-spirit, boiling between 
70° and 100° C, which dissolves less anthracene than y.oal-tar 
oils, and yet removes tiie impurities sufjiciently. Cioal-naphtha 
sometimes dissolves 7 or 8, per'^cerCt. by w'eight of anthracene, 
which is difficult to recover. The following table shows the 
solubilities of anthracene and .some other bodies in petroleufm 
spirit and benzol:— 



Petroleum spirit^ 

Benzol. 


' 

B.p. 70 to 100’. 

B.p. 80 “ to 

100\ 

Anthracene 

. 0* I r 5 

0-967 per 

cent. 

Phenanthrene 

. 3 . 2 o 5 

21-94 „ 

»» 

Carbazol . 

. 0-016 

0-51 „ 


Dichloranthracene 

. 0*137 

0-62 „ 

>1 

Anthraquinone 

. 0-013 

O'166 „ 

}« 


Creosote oil is also employed for washing anthracene. Some 
believe that it is not a proper reagent for this purpose, as it dis¬ 
solves more anthracene than phenanthrene, etc.; but this mu.st 
be erroneous, at all events with proper manipulation, since 
severa' tar-distillers employ creosote oil with great advantage, 
and some even believe this to be a valuable secret. In this w'ay 
40 per cent, anthracene can be obtained by the following pro¬ 
cess, which I have seen used with great success -The first 
crude crystals, testing, say, 10 per cent, pure anthracene, after 
drainirig, are mixed with an excess of creosote oil at a tempera¬ 
ture of 80°. The mixing beiiig quite complete, the mass is 
allowed to cool down to 40’, and the'^crystals then obtained are 
subjected to hot pressure, when they will yield 40 per cent', 
anthracene, the creosote oil having dissolved far 'more of the 
impurities than of real anthracene. The tepid mother liquor is 
allowed to cool down to 2;°, and thus a second crop of poorer 
anthracene crystals is dotained ; and a third quality is got by 
allowing the second mother liquor to cool down to the ordinary 
'Lemperature. The second product is put into the still, where 
' IVagTut^s Jakresber.) 1879, p. 1068. 
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the press-oil is'distilleci once qjore; the third product is treated 
together with fresh crude _io-per-cent. anthracene. 

At a large-tas-works thisiprocess is managed as follows:— 
1200 kg.‘of tar-aiithracehe, (got direct from the anthracene 
oil)," and 600 kg. of “ oil-anThjacene ” (obtained by redi.stilling 
anthracene oil),'both of them cold-pressed, are mixed in a 
mecYianical mixer, pyDvided with a’ steam-coil, with 1000 kg. 
of cre^ote oil, free from naphthalenie (tlje first eighth in the 
distillation of the-tar).,‘The mixture i# first heated to So” C., 
and is then allowed to so»)l ctewn^ to 40" or 33°, according to 
the season. From the mixSr the paste runs on to open vacuum- 
fifters, placed on a wjought-irmi boiler, evacuated by means of 
a Kprting’s injector. The contents of the filter are put into 
sacks and pressed cold at 80 atmospheres’pressure ; the residue 
is imnKrsed with the sacks in water of 50° C. slowly heated to 
7S'', then at^once brofight back into the press and pressed at 
200 atmospheres, renewing this pressure twice or three time.s. 
Thus the oil-anthracene, which contains much methylanthracene, 
yields the latter almost completely to the solvent, and the result 
is very pure anthracene of 40 or 45 per cent. 

•At another tar-works the [irocess is as follows;—The rough 
anthracene is first passed through a filter-press, and then through 
a hydraulic press enclosed in a steam-casing. It is now washed 
with^creosote oil in a steam-jacketed pan, with very weJI-designed 
horizontSl agitating-gear, which thoroughly mixes up the warm 
liquid with the crystals. The mass is now filtered by means of 
a vacuum, the s^lne air continuously circulating, as I had already 
proposed in i8fto. Th^ anthracene thus gets up to 45 per 
tent. 

The German tar distillers ^do not any more emj 5 loy the 
just-described processes on account of the great complication 
^and corresponding expensS. The principle is always the same, 
but the hydraulic pressure is avoided. The product coming 
from the filter-presses or vatuum-^resses, which still contains oily 
mattery is 'either centrifugalled and. then washed with the 
purifying oil,* cr it is directly treated with the latter. The 
washing-oil is either‘^solventjiTaphtha^’(OTrfc Chapter X.), or the 
oil between 170° and 200° obtained in the redistillation of light 
oil, or the “ Naphthaline oil’’draining from th'e naphthalene, 9 s 
we shall sei later on. 
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Rispler {loc. cit.) describes tjie process as ii is carried out 
in practice in two modifications. In the first the cfude 
anthracene, taken out of the c'ooloir 'for anthracene oil, is pumped 
through a filter and centrifugalled, and is then dissolved in 
the purifying-oil in a vessel provided with a steam-jacket and 
agitating-gear. The solution Obtained i/; co 61 ed down to 40° 
in a vessel provided with a water-cooling^ mantle and agitating- 
gear, whereby most- of .tfie anthracene separates out-whilst 
a great portion of tht impurities reipain -in solution. .The 
anthracene is "run into a „hcofi;cd •'aspirating-filter, and then 
centrifugalled or put through a heated hydraulic press; the oil 
passing through the filter, on 'cooling (^own, separates some 
anthracene which is brought up to 40 per cent in the manner 
described. On the average the crude anthracene obtained in 
this way has 47 per cent, in the case of ga.s-tar, or 42 per cent 
in that of coke-oven tar. 

The other process mentioned by Rispler is carried out in 
the same Apparatus, but the centi*;fugailing is left out, and 
the oil for washing is that which drains from naphthalene, 
(“creosote oil,” vic^li' infra), in the proportion of 20 parts to 
80 parts of the crude anthracene coming from the aspirating- 
filter. 

It is especially contended that the washing wdth creosote oil 
removes that most disagreeable impurity in anthracene, viz., 
paraffiu, which differs from ordinary paraffin by fusing at a 
much higher temperature, and is little soluble in either petroleum 
spirit or naphtha. Even a little of it suffices fbr disturbing the 
filtrations necessary in the subseque^nt operations; it resists 
pretty completely all the chenfical processes to which anthra¬ 
cene and anthraquinonc are subjected, "and as it melts during 
the process of oxidizing the anthracene to anthraquinone, it is 
very troublesome. It is stated that the paraffins can be 
removed by dissolving the crude anthracene in a steam-jacketed 
vessel in 1-2 parts by weight of crebsote oil distilhfig between 
220“’ and 330°, and previously freed from phenols by .washing 
with caustie soda. The solution is stirred till rolH, the cooling 
being promoted by a kream‘qf water, and , the magma is 
pressed in a filter-press. The anthracene thus gets up from 
iS to 36 or 40 per cent, by Luck’s test; but it is often not quite 
free from paraffin. 
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Washing with Pamffin Oii or with Oleic Acid. —C. Caspers 
(B.’ P., 9th May. 1873) proposes the following purifying pro¬ 
cess:—Well-preyed anthracene cake is mixed at from 12° to 
15° C. with its own weight of paraffin oil, which dissolves 
naphthalene, phenol, cresol, e^:. The residue is washed several 
iirpps with paraflfi^ oil (alway^ at or below 15°), and ultimately 
with methylated spirit, pressed, and dried at 100°. The 
prodwt i^ said'to contain 85 or (J* pes cent, of anthracene 
fusing at 190°. •This.Caa be further'purified by fusing and 
heating to 205°, when a <iS.rk Sreeji crystalline 'mass is formed, 
qpntaining 95 to 97 per cei^t. anthracene, and yielding perfectly 
pure anthracene by .sublimatlbn (?). If the crude anthracene 
contains higher-fusing bodies, as pyrene, chrysene, etc, the 
washing with paraffin pil is conducted at such a temperature 
that the antljracene is dissolved, whilst chrysene, etc, remain 
behind; orwcooling tfie clear solution down to 15“, the anthra¬ 
cene separates and is puri^ed as above. (I am not certain that 
this process has been add^)ted anywhere.) 

Remy and Erhart (Ger. P. No. 38417) stir 100 parts crude 
anthracene with 150 oleic acid, heated to 100° or 200°, until 
almost entirely dissolved. Os cooling, the anthracene crystal¬ 
lizes almost pure, and is separated from the adhering fatty oil, 
first by filtering, etc, afterwards by saponifying the oil with 
alkali or washing with petroleum. , 

Washing the Crude Anthracene with Pyridine Basts. —The 
Chemische Fabriks Aktien-Gesellschaft at Hamburg (Ger. 
P. No. 42053) obtains almost pure anthracene, especially 
free from carlSazol (which resists the other solvents), by 
"washing the crudt*anthracenC with the mixture of pyridine 
bases obtained in puriTying liglit coal-tar oil, in which * 3 . certain 
proportion of benzol wil^do no harm. One'part of crude stuff 
, is treated on a steam-jacT:eted mixer with or 2 parts of the 
basic mixture and allowed to cool and crystallize. In lieu of 
pyridine bases, the higher-boiling aniline and quinoline bases 
may he employed, diluted with tho same volume of solvent 
naphtha. Crude anthracene of 33 per cent, yields with pyridine 
bases an artijle of*80 per-cent, or with aniline and solvent 
naphtha 75 per cent. The advantage of the pyridine as solvent 
is principally this; that it removes the* carfeazol, wheitas 
benzol anS naphtha leavothis with the anthracene and remove 
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mainly only phenanthrene. At otdinary temperatures lOO parts 
of benzol and its congeners dissolve i.to 1-5 anthracene, i t‘o 2 
carbazol, and 30 to 35 phenanl<irene. By ^m6ans of these 
solvents no higher strength than. 50 to < 5 o per 62nt. real 
anthracene can be obtained, and tfie carbazol must, if neces¬ 
sary, be removed by subliming of distilling oyer caustic potash; 
which is a very troublesome operation ?nd carried out only 
at some colour-works 618). But the pyridiije b^f-es at 

ordinary temperatures,'dissolve 2-3 .pelf.cent." anthracene, and 
22-0 per cent, cirbazol, and 3,5 pdr cefib- phenanthrene. Thanks 
to this behaviour, by recrystalling n'6rmal, well-pressed anthra¬ 
cene with one and a half times" its weight of pyridine bases, 
we obtain anthracene testing upwards of 80 per cent. The 
apparatus for this object consists of iron cylinders, horizontal 
or vertical,”' provided with agitating-gear, holding a felV tons 
each, heatable by a steam-jacket or steam-coil., After the 
solution has been effected, the liquor,is cooled, with continuous 
agitation by running cold water tHtough the jacket. The 
crystallized mass is removed from the mother liquor by a 
vacuum filter, and the last remainder of the pyridine mechani¬ 
cally kept back is removed in a steam-heated drying oven. 
Thus a greenish powder of distinctly crystalline appearance 
is obtained. From the motSier liquor the pyridine is recovered 
by distillation. The residue left behind is an excellent 
material for the recovery of carbazol and phenanthrertf, which 
up to the present are not saleable in quantity. This also holds 
good of acenaphtjiletie and fluorene, which' appfear in the first 
runnings when distilling phenanthrene, and bf chrysene and 
pyrene, which can be got from the residue In the distillation' 
of the first anthracene oil, or, by the" distillation of pitch 
(p. 260). ' ^ r 

It would appear from Kraemer and Spilker’s description in 
Muspratt-Bunte, viii., 68, that this process is carried^ out on a 
large scale in some German tar'works, but according to a com¬ 
munication from Dr Kratmer, chrysene (let alone pyreire) has 
never been obtained in this hianner. • 

Various Agents for washing the Crude Anthracene .—The 
Farbenfabriken vorm. Friedr. Bayer & Co. (Ger. P. No. 
68^74) employ liquid sulphur dioxide, which dissolves the im¬ 
purities of crude anthracene, but very little of the anthracene 
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itself. 600 kg. crude, anthracene is mixed in a wrought-iron 
agitator .with 2400 kg. SO.3, first exhausting the air and then 
allowing the Kquid SO^ tb ester. The reaction having ceased, 
the masj is forcetj by its own vapour-pressure into an iron, 
steam-jacketed, filtering-to\ver, where anthracene of 70 or 80 
^per cent, remaihs tehind. The mother liquid is distilled, the 
SO2 being collected^ and recondehsed by means of an air- 
compressor. •"> , 

Another patent of j;Ke .same firm (Gcr. P. No. 78861) recom¬ 
mends as purifyirig ag(mt. 560 *kg. crude anthracene is 

stirred in a steam-jacketed* cylinder with 750 kg. acetone or an 
analogous substance,, for an hour at 60° C. After cooling, the 
separated anthracene is filtered and washed with 375 kg. acetone. 
The second liquor is used over again, the first is distilled to 
recover the acetone. iFrom crude anthracene of 34 or 35 per 
cent.' an article of 82' per cent, is easily made, and only a few 
per cent, of anthracene remains in the residue after distilling 
the acetone. • 

Wilton (B. P. 27339, 1898; Ger. P. 113291, abandoned in 
19Q4) purifies rough anthracene by liquid ammonia (anhydrous), 
which dissolves out most of the impurities and leaves the 
anthracene behind. 

The Aktien-Gesellschaft fiir -Peer- und Erdol-lndustrie 
(Gqr. P. 111359) purify crude anthracene in the following 
manneP:—Most of the phenanthrene is removed by fusion and 
fractional crystallization; then carbazol is removed by treat- 
rticnt with 30 ^er cent, solution of cau.stic potash at not above 
260", and the remainder of the phenanthrene is eventually 
' dissolved out by nfeajis of 90 ptr cent, benzol. Thus anthracene 
testing 90 per cent, ft obtained as a brownish powdfer. This 
patent was abandoned in 1902. «> 

Luyten and Blumer (6fer. P. 141186) treat drained, oily, rough 
anthracene without pressing, directly with a volatile solvent, 
filter, wash, and dry. They assert that thus purer anthracene is 
obtained than by the treatment .of pressed anthracene, the 
mixture of fh« volatile solvent with^the high-boiling oils which 
accompany th^e anthracene ,§eing particularly adapted to the 
purification of the anthracene. 

E. Wirfh (Ger. P. 122822; Fr. P. 302^98)‘suspends fhe 
crude anth'racene in benzol and treats it with nitrous acid, which, 
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under the conditions chosen, c^es not act on' anthracene, 
but transforms carbazol, etc., into. nitrosocarbazols, which 
are separated from the anthractiie' with thte Solvent The 
nitrous acid is recovered from the. nitrosoaarbazol means 
of sulphuric acid, thus obtaining, a'technically useful oxide of 
carbazol. _ * 

■Vesely and Votocek(B. P. 27596,1904; Ger. P. 164508) heat 
a solution of crude jnthwlcene in a solvent immisciblgr with 
sulphuric acid, with concentrated sulphuric -acid (which acts 
also upon carbazol), «.»•., ioo{iartOcrufi&(35 per cent) anthracene 
(containing 12-8 per cent carbazol)’300 solvent naphtha, and 
100 sulphuric acid. The heating’is continjied with agitation for 
a few minutes, the acid is drawn off, the solution is freed from 
acid by agitation with calcium carbonate^, filtered, and allowed to 
crystallize.* Thus anthracene of 84 per cent, is obtained, with 
only I per cent, carbazol, and by once' recrysta)lizing 'from 
benzol it is brought to 95 per cent , 

Scholvien’s patents (Belg. P. 17/419; Fr. P. 335013) are 
almost identical with the above-mentioned Ger. P. 1 11 359 - 
Owing to the great danger of fire, the washing of anthrafene 
and the recovery of the naphtha ought to be performed at 
some distance from the other buildings, and not in very large 
apparatus. ' 

The pu,rification of anthracene by washing is frequently 
carried \jut, not at the tar-works, but by special anthracene- 
refiners or at the alizarin-works. The latter does not seem 
very rational—first, because this operationds mfich more in the 
style of tar-distilling than in that of colour-making, involving as 
it does the danger of contamin^tidn and of fire for those expensive' 
products^; secondly, because the ^r-distill^r can manufacture and 
recover the naphthk more cheaply thaq, the colour-manufacturer. 

Purifying Anthracene by fusing''with Caustic Potash. —A 
peculiar anthracene-purifying process was employed for some 
time at Perkin’s alizarin-works, and^ communicated, under the 
obligation of secrecy, ta qne of the largest German .works. 
The secret w.as kept for y^afs, even after the pracess had been 
proved to be unsuitable and had 6?en discontinufd. It is now 
known of what it consisted.^ Anthracene is mixed with caustt& 

*1 i * * 

' Auerbach, Das Anihracen, 2nd ed., p. n ; Perkin, ioc. cit.; Fischet‘s 
Jahresber., 1885, p. 467. 

t 
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potash z.\\A k'little lime, anej is distilled out of cast-iron gas-- 
retorts, pr wrought-iron_ retorts, 4 ft. wide by 7 ft. long, heated 
by flues below /the bott'orhuand along the side, and protected 
at_the bottom agjinst the, direct action of the fire by fireclay 
slab.s. These are cpnnectcd ,by iron elbow-tubes with shallow 
; iron boxes, in ^wfeich the' distilling anthracene condenses 
without further coolj,ng. The covers of the.se boxes are put on 
loosiiiy, s^ that the gases evolved atithe same time can escape 
and may even take fife'wjthout doing kny harm. Caustic soda 
cannot be employed, because'Its fusing-point is too high; and 
as that of caustic potash fe too low, quicklime is added. Two 
liundred kg. of anthfacene art ground up with 60 kg. Montreal 
potash and 12 kg. quicklime, during which operation the smell 
of ammonia is often perceived. The mixture is distilled at a 
low rfd heat. When this mass is diluted with wjtter, a green 
solution ij obtained which deposits greenish-blue flocks of 
'extremely disagreeable odour. After the distillation the retort 
contains a porous, wax-lfxe substance which takes fire on con¬ 
tact with air and deposits a sublimate of carbazol in the cooler 
parts. In fact carbazol was discovered by Graebe and Glaser 
in this manner, and does no), seem to be easily obtainable in 
any other way. The distillate from the retorts forms solid 
yellow pieces, containing about 40 per cent, real anthracene. 
Frpm the residue in the retorts the caustic pot,ash can be 
recovered by dilution with water and boiling with lime, or the 
residue is calcined, and used over again as crude potash; but 
unless a flue-dtist.^hamber is interposed between the grate and 
the chimney, a great,deal of potash is carried away by the 
draught as fine dust. The distjllation with caustic potash is 
said to destroy the'chrysen^; but the destruction *seems to 
extend to the anthracene, as shown by the following figures;— 
600 kg. of 31 per cent.* anthracene cake were distilled with 
180 kg. caustic potash and 36 kg. lime; the result was 380 kg. 
44 per cent, anthracene,’equal* to a loss of 17 J kg., or 10 per 
cent.,* When the enormous quantity of fuel for heating and 
the seriou^ wear and tear of th^ retorts are considered, it 
becomes apparent Aat this^rocess is much too costly. But the 
anthracene purified in this manner is the best material for 
preparing chemically pure anthracene; c/l*p. 2^2 (AuerbSch, 
loc. cit.). • , 
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It is sometimes asserted that pkch-anthracene'suffers a con¬ 
siderable loss in this operation_, but tar-anthracene none at all (?). 

Perkin {loc. cit.) states that in thi^ f)rocess no more anthra¬ 
cene is lost than in distilling without^ potash, ,but 40 or 50 per 
cent, of the impurities are removed. The^ phenols, he states, 
are retained in the residue, also a non-vpiatite compound of- 
carbazol, of which sometimes as much as 16 or 12 per cent, 
occurs in crude anthrace£«; so that the distillate cyisists 
essentially of anthraceive and phenanthrene. The alkaline 
process is indispensabfe for tht muij,ufacture of alizarin by 
means of dichloranthracene; and all «rude anthracene.s, even the 
worst, yield the same good quality. Anthracene, washed before 
distillation with naphtha and petroleum-spirit, yields again 
after distillation a considerable amount of impurities to those 
solvents (pwbably phenanthrene). [If the process possessed all . 
these advantages not counterbalanced by'any dra\Ybacks,'it is 
difficult to understand why it has been abandoned.] 

In 1884 I saw at a large alizarin-works a process somewhat 
resembling that just described, viz., fusing (but not distilling') 
the anthracene, previously brought up to 50 per cent, by wash¬ 
ing with caustic potash (not to l^p replaced by caustic soda); 
the carbazol is thus removed as a potassium salt, and the 
anthracene comes up to 60 per cent. 

By washing the anthracene, distilled or fused, with caustic 
potash, solvent naphtha, etc., in the manner described,"pp. 609 
et seq., the percentage of pure anthracene can be brought up 
to 70 per cent., or, as has been asserted, 8ojor gd per cent.; but , 
the alizarin-makers do not seem to t^e inclined to pay the 
extra cost of such purification. '• ,, ' • 

The 'Aktien-Gesellschaft fiir Anilinfabrikation in Berlin 
(Ger. P. 178764) fuses crude anthracene with caustic potash, and 
submits it to a distillation in vacho, passing the distilling 
anthracene into solvents in which it is soluble at higher 
temperatures and allowing it to crystallize by cooling. Thus 
all commercial alizarines can be purified by a single opertj.tion ; 
even where very much carbazol is present, 95 or 96'per cent of 
the anthracene employed is obtairfed as an' article of 95 to 98 
per cent, real anthracene. 

' Rispler {loL. cit.) gives his results, obtained with the purifica¬ 
tion of anthracene by fusion with caustic potash. 'As stated 
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supra, the process of refining low-grade anthracene by means of 
solvent naphtha causes a considerable loss of anthracene, owing 
to the presence! of 14 t6 'h% per cent, carbazol, which is less 
soluble ,in that paphtha , than the anthracene itself. Con- 
.sequently before washing'with solvent naphtha, the carbazol 
•should be rembvcd, which can be done because it combines 
with potassium hydr,pxide. Caustic potash is fused in an iron 
pan ^d kept at a temperature ot, abopt 230°; into this the 
tenfold quantity, of qrade anthracene is introduced, and the 
heating and stirring coptfiiued for about two and a half hours. 
When allowed to rest, the product of the reaction separates 
into two layers, tf|p bottom layer consisting of potassium 
carjiazolate, and the top layer of purified anthracene which is 
drawn off. In order to obtain a high yield, it must be avoided 
working with an excess of caustic potash which e-asily causes 
a dtcompgsition of'carbazol and alizarine; hence the crude 
•alizarine should be previously tested for its contents of carbazol, 
and a quantity of caustiff potash corresponding to this should 
be employed. By this proce.ss too kg. anthracene of 38-47 
per cent., treated with 10 kg. caustic potash, yielded 73-2 
antiiracene of 47-86 per cent.,, Hence 35-03 kg. pure anthracene 
have been recovered, with a loss of 8-94 per cent. From 50 kg. 
of this purified anthracene (of 47-86 per cent.), by wa.shing with 
75^kg- solvent naphtha, 29-7 kg. anthracene of 7i;,05 per cent, 
was obtained, with a loss of 11-07 cent. By employing 
more .solvent naphtha it i.s possible to get up to 80 per cent., 
with a corresponding loss of anthracene. If, instead of solid 
caustic potash* a 60 ,to 80 per cent, solution of potassium 
hydrate is employod, the lo.sstiy fusion is reduced from 8 to 3 
or 4 per cent. 

The dehydration of crude anthracene is effected by 
E. Wirth (Ger. P. 2/0214) by fusing it under pressure 
heating to 140° to 150°, whereby the water mechanically 
separates from the fuse 9 anthracene which is run out at the 
bottijrn; the small quantity of _ water still contained in it 
evaporates'diiring the running oli^. 

The preparation of chei^cally pure anthracene, as described 
by Znatowicz,' by nascent hydrogen in an acid solution, is 
hardly of technical interest [cf. aLso p. 252).* 

' Chfm. Zeit., 1900, p. 772. 
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« * 

The men who are employed in the purification of antfiracene 
are sometimes afflicted by a special disease, similar to the 
chlorine-achefl As this disease onjy'ctecurs thfough the direct 
contact of the skin with the crude anthraceije, it can be kept 
off by great cleanliness, and by employing as much machine- 
work as possible, 

Subjiniing the Anthracene. ■ 

I* « 

Before anthracene, j unified b^ atjy plan, can be converted 
into anthraquinone, it must undergo a iuitable preparation (not 
merely by grinding) to reduce it to a sufficiently fine powder tp 
facilitate the action of the oxidizing agents. For this purpose 
it is usually sublimed and precipitated in an extremely fine 
state of division by means of water. The sublimation is always 
effected by superheated steam, in an apparatus represented by 
Figs. 147 and 148* (or in a deeper still, fitted up hi a similar 
manner). The anthracene is placed in a shallow pan, C, made 
of boiler-plate and heated from'below, so that the anthracene 
fuses and forms a layer an inch or two in depth. The steam 
arriving in the pipe B is heated by the flame of the fireplace A 
to 220° to 240°, and issues from thfe flattened tube R' (which is 
perforated by many holes) to the melted anthracene, which it 
causes to sublime and carries away through the wide delivery- 
tube F into the brickwork or wooden chamber D. In this a 
jet of water, finely divided by the rose H, descends, condenses 
the steam, and suddenly precipitates the anthijacene brought 
over in the finest state of division. The partial vacuum caused 
in this operation no doubt assists^the sublimation in C. After ^ 
draining,,fhe anthracene, now u white magii'of fine scales, can, 
after passing it through a sieve to separate any coarser particles 
carried along in the melted state, be,*.xidized while still wet. 
The loss in this operation amounts to 2 or 3 per cent. 
According to Wurtz, the strength of the anthracene if thereby 
raised from 50 to 60-65 per cent.; but this is evidently a 
mistake. According to Auerbach {loc. cit.,-p. ii), tjie effect of 
the sublimation is not a purification-at all, bvt only a mechanical 
division. At any rate the purification cannot exceed the loss 

* ■ Russig", Cheinische Zeitschrift, iv., p. 488 ; v., p. 315.' 

- From Wurtz, DUiionnaire de Che»\ie, Supplement, p.. 65 ' 
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M t * • 

above irientionefl of 2’or 3 per cent; and this has been con¬ 
firmed by all the alizarin-makers I have consulted. Sometimes 
no fire is appli.ed'to the sh'll- Q-ora without; but then the steam 
must be superheated to at least 300" and blown into the mass 
itself. The residue ^left in {he still, when being cautiously 
distilled over a> nalced fire, yields carbazol, phenylnaphthyl 
Jarbazol, pyrene, Eftid especially chrysene. 



l-'ia. 147. 


to "'T li'^ating the anthracene 

hIvM t air or carbon 

u c, y means of a fan-blast into chambers where it is 



Fig. 148. 


^ similar proposal was made by 

ai 7 ^ f'^70. P- 548), but it does «ot seem so 
tional as,the wet condeijsation. 
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Anthracene obtained synthetically.- ■ 

Hradley and Jacobs (Ger. Ps. 125036 and 142051) obtain 
anthracene, together with benzene and naphthalene, by heating 
barium carbide with caustic baryta and soda to 600" to 1200° C. 
Thereby the hydrocarbons are obtained according to this 
equation (for benzene); ' 

3BaC, + 3Ba(OH), = + 6BaU. 

' ' f • 

At present there is 1.0 chance of carrying, out this reaction 
in a profitable way. Tlreir patents were abandoned in 

1904- 

AVry Uses of Anthracene. 

Up to now all the anthracene produced is consumed in the 
manufacture of colouring matters. Greening ((J.S. P. 701713) 
proposes employing crude anthracene for the preprration of an 
electrically insulating and water-tight substance, by fusing it 
with barium carbonate for the removal of acids and impurities, 
drawing the fused mass off from the sediment, and fusing it, 
at a temperature not exceeding 215°, w'ith copal, animd, or 
elemi resin; in order to obtain a plastic, flexible mass i part 
anthracene and 1 part of resin, and for obtaining a hard, non- 
flexible mass i part anthracene and 6 parts resin is to be fused 
together. ' 

Preparation of Phenanthrene, hluorene, and Carhac^ol, as 
By-products. 

Very many endeavours have been rnade for utilizing these 
constant companion.s of anthracene, but up to the present 
without any practical results, partly because there was no sale 
for these substances, and partly' ‘‘because the expense of 
isolating was too high. Still, these attempts have not beerf 
thrown away, since they enable ts:r distillers to supply those 
compounds whenever they should be required b;^ future 
inventors. ^' 

Especially phenanthrenc appeared to 'iiave a' chance of being 
applied in the .synthesis of the‘opium alkalofds, as well as in 
that of colouring matters, and it might be obtained in large 
quantities from the washing-oils employed for purifying the 
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anthracene, brut this hope has^ not been fulfilled, and there is 
no interest manifested in the technical world for it. 

Phenanthrane«can be t)bt»ined by fractional distillation of 
the above-mentioned anthracene residues, separating the portion 
distilling between 32^0° and* 3^0”, and redistilling this portion, 
or recrystallizing the products. The first crystals consi.st of 
a*ntliracene; the *mjther liquor 'drained therefrom yields 
phenaijthrene which is obtained kj the pure state by rc- 
crystallization. The anthracene might •also be purified by its 
combination with picric acW (eft infra, tl*c methods of analysis). 

The crude phenanthrei^e, as it is obtained in the form of 
aiTthracene residues, is^an excellent material for the manufacture 
of lampblack {vide supra, pp. 373 and 610). 

Kraemer and his co-operator, VVeissgerber, have succeeded 
in preparing the hydrocarbons contained in the heavy tar-oils, 
boiling rather lower ‘than anthracene, in the first instance 
phenantbrene and fluorene, by the action of fusing caustic 
potash on the respectiv* tar-oils or by-products from the 
puiification of anthracene. Patents for this have been taken 
out by the Aktien-Gesellschaft fiir Teer- und Krdiil-Industrie, 
Berlin (B. P. 5047, 1901 ; Ger. ^s. 111359, 124150, and 130679). 
Fluorene, similarly to carbazol {cf p. 30G), on being fused 
with caustic potash at 2H0" C., ^'ields a solid potassium 
compound : 

• + KOH = Cjjl 1„K -1- n_,0. 

According to the first German patent (124150), the fluorene is 
split off again from itS potassium compound by treatment with 
water, after having previously removed the unattacked hydro¬ 
carbon floating on' the potassfe melt. This patent was not 
renewed after the first few yaars. According to the second 
patent (130679), the alk*iline melt contains also diphenol- 
potassium, formed from the diphenylene oxide (p. 284): 



It is not even neces^hry to rrtnove fhe hydrocarbons floating 
on the top, but merely to treat the melt with water, which takes 
up the potassium compounds of diphenol anti its* homologuts 
from vvhich’tlie latter can be recovered; the diphenol can be 

2 R • 
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recovered by any acid, even COj. After the 'solid deposits 
from the high-boiling fractions of coal-tar have been well 
fractionated, the corresponding hydrocarbons • may be im¬ 
mediately obtained in a pure form by means of this process; 
provided that these oils had been previously freed from acids 
and bases in the usual manne.-, and that the neutral liquid 
constituents had also been removed by combined pressure and 
heat. 

Concerning the recovery of carbazol and phenanthrene from 
the pyridine solution in the process de,^cribed on p. 615, we refer 
to that place. t 

Crude phenanthrene is used by Dreher (Ger. P. Il823'3; 
Z. angew. Chem., 1901, p. 324) for preparing a rosin soap con¬ 
taining much free rosin for .sizing paper. It is also used in the 
treatment-of camphor, in lieu of naphthalene, for the manu¬ 
facture of celluloid, as it does not possess the strong smell of 
naphthalene and does not evaporate so quickly. 

Sulphonic acids of phenanthrene are used for making 
cresols soluble in water (Ger. P. 128880, Akt-Ges. f. Teer- u. 
Erddl-Industrie; B. P. 7119, 1901). 

The literature on phenanthrene up to a few years ago is 
fully treated by M. A. Kunz in a special book : Untersuchungen 
liber Phenanthren (Berlin, Julius Springer, 1902). 

We lastly quote a number of recently published inve.stiga- 
tions on the companions of anthracene which hitherto possess 
only scientific interest, viz., the work of Thiele and his co- 
operators {Ber., 1900, p. 851); Boes {Pharm. Zeit, 1901, p. 915 ; 
Chem. Zett. Rep., 1901, pp. 315,364); Moschner 1900,9.757); 
Kraemer and Spilker {Ber., ipco, p. 2263,); ‘Loeb {Ber., 1901, p. 
915); bone and Jordan {Chem. Zeit., rgoi, p. 591); Dimroth 
{Pharm. Zeit., 1901, p. 352), and many others in the following 
years. • * 

Fluorene (see also p. 625) is prepared by the Gesellschaft 
fiir Teerverwertung Duisburg-Meiflerich (Ger. P. ^03312) by 
transforming the raw material into an alkaline compound which 
can be separated from the unchanged hydrpearbons. This 
compound is prepared by heatirife the mafterial with sodium, or 
sodium amides, or sodium in ute presence hf ammonia, to 
temperatures beeween 110° and 250° C.; 300 "parts of the 
mixture of hydrocarbons is heated during two h«urs with 20 
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parts of soditim, with agitatiop, to 150° to 200°. After cooling, 
thesupernatant layer of unchanged.hydrocarbons is mechanically 
separated from the fluorene obmpound remaihing at the bottom. 
The latter is crushed and jpijt into water, whereby fluorene is 
produced in the stat^ of powder. It contains a small quantity 
of a high-boilin|; condensatioh-product, formed in the fusing 
proces.s from the ffuoijene, from which it is separated by distilla¬ 
tion vacuo. When employing stitiiurrv amide, the reaction 
goes on at a lower tenjpferjturc; it is .“fljfficient to heat during 
an hour to 100° and anji^rer ftour to 150° C. C/. also Weger 
(Z. angew. Chem., 1909, pp# 338 and 391). 

* Carhaaol, the isolation of \v 4 iich from crude anthracene had 
been effected several decades ago by Graebe and Caro, had 
formerly no technical value whatever, and even now there is 
not tmich prospect of utilizing it. The Chemi.sch'e Fabriks- 
Aktien-Ge^llschaft fn J-lamburg (Ger. P. 81237) proposes tc 
heat it in a pan gradually up to a bright red heat; carbon is 
separated and cyanide of fotassium is formed, small proportions 
of carbazol, ammonia, etc, being removed by volatilization 
The yield is increased by adding potash, soda, or similai 
substances during the fusion ; *nd ferrocyanide can be obtained 
by the addition of iron. 

We have already {sufva, p. 6 :y^) mentioned the Ger. P 
iiP^SQof the Aktien-Gcsellschaft fiir 'Peer- und ErdfjJ-Industrie 
according to which carbazol is removed from crude anfhracenf 
and obtained as a compound with potassium. 


' ’ •¥ields anli SUatistics. 

• 

The yield of anthracene varies both withnhe quality of tht 
tar and with the care tSstowed upon extracting it. Whilt 
Scotch tar yields little or no anthracene, the German anc 
Dutch woiT<s obtain from to 0-35, at most 0-45, parts of pure 
anthrafene (Luck’s test) from too parts by weight of tar. Ir 
England thd 3*ield is much more cbr^iderable; North-Countrj 
tar, on the average, yields o^*; London tar from 0’8 to 0 9 pei 
cent, by weight of pure anthracene. From a communicatior 
by Mr J. Leahy, Thurston Chemical Works* Sitfingbourne,*i( 
appears tlfat the average yield of anthracene at that works foi 



ANTHRAC^E'NB OIL 


, 628 

' over eighteen months has been pqual to 0-676 ptr cent, pure 
anthracene on the coal-tar distilled. 

H. Elliott^ states the yield of anthracene f#om water-gas tar 
as 2-63 per cent, [but that is hardly possible [J.' 

Compare also the statements' in Chapter V,, pp. 504 
et seq. ' ^ ^ 

W. H. Perkin," in 1885, estimated the, yearly production of 
anthracene in the U.nited--Kingdom at about- 6000 ton.s of 30 
per cent., or nearly 2 t 900 tons pure* anthracene, which was 
largely in excess of the present riqpiremcnts of the manu¬ 
facture of alizarin. At that time 1 the production of gas-tar 
in England was about 650,000 >tons per, annum; since the‘n 
it has (inclusive of coke-oven tar) risen to upwards of 1,000,000 
tons, and to this corresponds the production of pure anthra¬ 
cene which largely exceeds 3000 ton.?. This seevns to 
make it a hopeless undertaking to manufacture, anthracene 
by distilling pitch {c/. pp. 564 I’t seq.), or by superheating 
petroleum residues and the like (pp. 187 ei seq.), or by dis¬ 
tilling rosin with alkali, as patented by R. Irvine (B. P. 4276, 
1882). 

Anthracene is principally consumed in the German alizarin- 
works, which, according to reliable statistics, in 1880 worked 
up 1400 tons of pure anthracene, 200 tons of which were 
supplied ^y German tar-distillers, the remainder mostly 
by English distillers. Since then much more anthracene 
has been consumed, but the production has equally in¬ 
creased, in Germany mainly through the stro'ng development 
of the coke-tar industry (pp. 161 et sq/q^. In consequence of 
this, the German anthracene market is, .no more altogether* 
ruled by England, as it was the case'in former times, but 
the English impcfftation is still important. The German pro¬ 
duction of anthracene has for se’^eral years past exceeded 
' that of England. According to official statistic.s, it amounted 
in 1908 to 4026 tons (pure), and* is nowadays about 5000 
tons (pure). In addition to this, the German ajjzarine 
makers have to import cjoflsiderable quantities of anthracene 
from other countries, principality from* Englalid, but also 
from France, Belgium, and Austria-Hungary. *This is proved 

^ Amer. Chem. Jourti,^ vi., p. 248 (1884). 
y. Soc, Chem. Ind.^ iSSs*) p. 433. 



STATISTJCS 6® ANTHRACENE 629 


by the following table of thp importation of anthracene into 
Getmany:— 

■ « _ * ' » 


, Yt'af. * 

Autliracjyie 

importtul 

_ 

Yttar. 

Anthracoiift 

imported. 

Value. 


• 

Thousands 



Thousands 

• • 

'l’0U8? 

of Marks. 


Tons. 

of Marks. 

1892 . 

5981 t 4785 

igor . 

3293 

823 

1893 • 4 

SS'ZS 

4419 

1902 • . » 

2876 

590 

189+ . 

3299 

42639 

1903 .m . 

2048 

236 

1895 • 

5913 

* 53 #i 

1904 . • . 

1230 

172 

1896 . 

6305 

4729 

1905 . 

1350 

159 

1897 . 

6490 

3245 

1906 

753 

107 

J898 . 

8027 

3211 

1907 . 

2418 

257 

1899 . 

4365 

1746 * 

1908 

2922 

290 

1900 . 

3894 

1168 j 1909 

,! 

1650 

167 


The exportation of anthracene from Germany is quite 
insigflificant During four recent years it amounted to aboul 
400 tons (pure) for the ,whole time; all of this went tr 
Switzerland. • 

Two qualities of anthracene are quoted in the market. A 
contains 40 to 45 per cent.,^ 25 to 40 per cent, pure anthracene 
According to Chcin. Trade Kenmv, 1SS7, p. 300, the former i.< 
obtained principally from Newcastle coals, and contains less 
paraffin and other troublesome impuTitics than B quality, which 
is rnade from Lancashire and Yorkshire coal, \yith much 
cannel-ct)al. The “unit” of trade means cwt. = 5o8 g 
pure anthracene. 

The fluctuatTons in the price of anthracene are enormous 
Perkin [Joe. cit.) paid pc» lb. in 1870-1871 is, 6d., in 1872 is, 6d 
to 5s. and even 53.The valfSe jn 1881 was about 3s.^in i88f 
about gd.; in July 1S87 it w^s is. 3d.; in August 1899 the 
London price for the unit ^of quality yl (30 per’cent.) was only 4d 

In 1900 (y. Amer. diem. Soc., xxii., No. g) Tayne states 
.that the manufacture of anthracene (40 per cent.) from coal-tai 
had been abandoned for some* years in the United States 
becausa its price was so low that if did not pay to make it 
as previously,' far exportation to Eurofe. 

Russig, in CJiem. ^eii., igc*, i.. No. 2, shows the decline oi 
prices of anthracene from 3^ marks per unit in 1890 to 0-4 
mark in 1901 by a very instructive diagram. * 

AccordiTig to Bitumen, 1910, No. 5, the price of anthracene 
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in 1890 was 3 marks per i kg. (pijre); in 1901 it' had fallen to 
0-35 mark, and in 1910 to 0-37 mark. 

According to a'communication* from the Qterman Syndicate 
of Tar Product Manufacturers, the, price of, anthracene in the 
English market has been nearly' stationary since 1906, and 
amounts to ij^d. to i-Jd. per 'unit of the ^ quality. The 
German price has in the same years bepn equally stationary; 
it is 30 marks per joo kg. pure anthracene for the oj^inary 
40 per cent, article, whilst that below ,40 per cent., which is 
nowadays not called for, was 25*mar5{4per 100 kg. pure. 


PropeHies and Analysis of Anthracene. 

The properties of pure anthracene have been degcribed, 
pp. 250 et seq. • , 

Crude anthracene, before sublimation, is a brc!wni.sh-green 
friable mass, still containing most of .fhe substances mentioned 
on pp. 589 et seq. 

Zeidler'^ has made an extensive investigation of crude 
anthracene, and has found the following substances:— 

r 

I. Insoluble in acetic ether: anthracene, chrysene, and 
other bodies not yet examined. 

11. boluble in acetic ether. 

A. Soluble in cold 40 per cent, alcohol, t, 

1. Insoluble in carbon disulphide; carbazol. 

2. Soluble in carboii disulpl\ide; phenanthreno, 
‘ fluorene, hydrocarbons melting at 92°-5. 

B. Soluble *in moderately warm benzene; synanthrene 

hydrocarbons melting at $7° and 104". 

C. Soluble in hot benzene; ,anthracene, ps^idophenan- 

threne. 

D. Insoluble in hot benzene: carbazol. 

t 

Methyl-anthracene is not mentioned by Zeidler, although 
it occurs largely in some descriptions of crude anthracene. 

' Ann. Chem. Pharm.\ cxci., p. 285. ’ 
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R. Kohn‘(Inaugural Dissertation, Munich, 1910) found in 
anthracene residues principally phenanthrene and carbazol 
with small quantities of Siplienyl, fluorene, chrysene, biphenol 
and acridjne. , . . 

It is not a very qasy task^to distinguish the different sub 
stances occurring«in crude antllracene; and we cannot here gc 
' into this matter, whijh does not interest the tar-distiller s< 
much ^ tl^e alizarin-maker and the Scientific chemist. We wil 
only mention that the 'identification Sf the diflcrent hydro¬ 
carbons is often promotfo by *the characteristic combinations 
they form with picric aciA Watson Smith ‘ has proposed to 
employ the fused qjilorides bf antimony and bismuth for 
discriminating the solid hydrocarbons. 

. The details of these_inve.stigations are of greater interest for 
the manufacture of alizarin than for tar distillers. In this place 
we shall merely give*lhc table drawn up by G. Schultz {Chevtie 
ties Steiiikohlenteers, Braun.schwerg, 1886, vol. i.,p. 203), enumerat¬ 
ing some of the properties of -the most important substances 
, present in crude anthracene. 
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Diphenyleneketone 
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143" 
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^38" 

355 " 
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107^ 
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147" 

A quinone, fusing at 17“ 
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aethylanthracene 
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• 
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Chem. News, xl., p. 26. 
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The following table (by Becchi, Berl. Her:, p. 1976) 
describes the behaviour of these substances towards alcohol -and 
toluene;— « ' » • 



\ 

\ 

1 100 ptris Toluene dfssUlre 

i * • 

1 100 }>2rt8 Absolute Alcohol diuolve 


Pornmia. 

Cold. 

« 

At 100 ^ 

r 

1 1 ' 

• 

1 * Cold. 

At tphin^'polnt 
of the slconol. 

Vaphthaicne . 
Anthracene 
^henanthtene. 
'yrene . 
/hrysene 

^ 14^10 

■ At •' 

16-5°= 3l'.94 parts 
i6*5" -= 0-92 „ 

16-5^.^33.02 „ 
18“ =16.54 „ 
18° - 0-24 „ 

*» 

in all proport>*ins 

12.94 P^rcs 
in all proportinn.t 
verytoluble ! 

1 5*39 {wrts 1 
‘ I 

1 At * 

15^=5.29 parts 

1 16“-0*076 „ 
i6'' = 2.62 ,, 
i 6 “^i *37 „ 
16" r. 0.097 n 

in all proporttons 
0*83 parts 
lo-ox „ 

3*o8 „ 

0*17' , 


Considering the high price of anthracene, and the extremely , 
varying percentage of pure anthracene'in the rough product, it 
is evidently of the greatest importance* to possess a reliable 
method of analysis. Formerly this was merely attempted by 
the action of solvents for the impunities, which, however, is so 
imperfect that those methods have been almost entirely 
replaced by Luck’s method, which certainly requires some 
manipulative skill. But as the old methods are not yet 
altogether obsolete, we must here mention them. 

Analysis of Anthracene,—The solvent methods were intended 
to remove the foreign, matters and to leave pure anthracene 
behind. I Evidently this cannot be done with any approach to 
exactness ; for, on the one hand, the impurities are not entirely 
soluble (some are even less so than anthracene itself) in the 
liquids employed; on the other hand, the. latter dissolve 
sensible quantities of anthracene as weJL Hence different' 
solvents‘yield quite discordant results ;• but, apart from the 
evident impossibility of thus ascertaining the true percentage 
of pure anthracene, each method by* itself gives pretty con¬ 
stant results, on the condition of strictly keeping to the same 
mode of manipulation, which ;nust •’be agreed upofi between 
buyer and seller. The principal methods of this class were: 
the alcohol test, Perkin’s ^ petroleum spirit and ^ carbon disul¬ 
phide test, and Cohn’s carbon ilisulphidt test, with various 
modifications. They are fully described in out last edition, 
but. we abstain from doing this now; since those methods 
have been proved untenable for commercial testing by the 
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investigation of F. H. Davis and Lucas {Chon. News, xxix., 
p. 169; xxxi., p. 209) they have been entirely abandoned, both 
in England and in all ‘oflfcr countries. The only method 
recognised as reliible for .the valuation of anthracene is its 
transformation into ^nthraqu^none, by the method worked out 
^y Luck in the, laboratory t)f the Forbwerke vorm. Meister, 
Lucius, & Brilning at^Hochst-am-Main, which we shall describe 
below, , *• , 

Obtaining an. Aveuj*e^Sample. —T(S begin with, a proper 
sampling is very important ‘A ij-in. hole is bored in both 
ends of each cask, and a *-ft steel tube, with wooden handle, 
cut open lengthways ^ith shaiT> edges, is twisted into the cask 
fronj both ends right into the centre. The boring cores thus 
obtained are ground upland well mixed, and a reduced sample 
taken therefrom. 

Ifl quits the sam'e way the sampling is performed if the 
anthracene is packed in bags. 

Sampling tubes for diis purpose have been described in 
detail by Gawalowski &nd by .Angenstein, and these tubes are 
usually employed. 

Anthraquinonc Test. —AntUraquinone, the product of the 
oxidation of anthracene, obtained in the manufacture of 
alizarin, appears in the pure state*as a mass of pale yellow 
needles, when precipitated from solutions, but in’tl^e shape of 
long, thin, golden-yellow needles when sublimed. It I'uses at 
277“ and boils considerably above the boiling-point of mercury, 
but it sublimes ^ery much below that. It is insoluble in dilute 
acids or alkalis,'and is jiot even affected by hot concentrated 
"hydrochloric acid cfr<st)lutions df cjustic alkalis ; but it dissolves 
unchanged in concentrated sulphuric acid at 100", and is again 
separated by dilution. It is very little solulJle in alcohol and- 
ether, but more so in hot benzene. 

It hadjjeen previously recognised, especially by E. Kopp, 
that the oxidation of crude anthracene to anthraquinone, and 
the estimation of the latter, is the •only reliable method of 
analysis in this case. But the meril of investigating all the 
points necessa^ to elaborat^*a system of testing belongs to 
E. Luck, whose name is justly attached to this test. Luck had 
first to ase’ertain whether a weighed quantity of rough 
anthracen^ on oxidation with glacial acetic acid and chromic 
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acid, yields the theoretic quantity of anthraqufnbne, whether 
the latter is not oxidized further by long contact with chroftiic 
acid, and what is the behaviour tf" the regular ’(accidental or 
purposely added) companions of anthracene during the. chromic- 
acid treatment. ^ 

Hdchst Test. — The methdU of testing'the anthracpne, 
founded by Luck on his investigation aryl practically used for 
some time, is described iif our last edition. That ^esyiption 
will not be repeated here, since it^ Ife* been found that the 
method in its first shape was Tiot qqite accurate, and it has 
been entirely replaced by a modification, worked out at the 
factory of Meister, Lucius, & Briining, ,at Hochst-am-Main, 
and known by the designation H'ochst test, which is carried 
out asJbllows;'—Take i g. of anthracene, put it into a flask ■ 
with condenser of 500 c.c. capacity, add to it 45_ c.c. of'glacial 
acetic acid, and heat to ebullition. To' this solution, ^hich 
is kept boiling, add drop by drop a .solution of 15 g. of chromit 
acid in 10 c.c. of glacial acetic atfid and 10 c.c. of water. 
The addition of the chromic-acid solution should occupy two . 
hours, after which the liquid is kept boiling for two lipurs 
longer. The flask with its contents is to stand twelve hours, 
then to be mixed with 400 c.c. of cold water, and again kept 
standing for another thr6e hours. The precipitated anthra- 
quinone ij now collected on a filter and washed, first.with 
pure wSter, then with 200 c.c. of boiling dilute alkaline*solution 
(l KOH in 1000 water), and finally with pure hot water. 
The quinone is now washed from the fi-lter into a dish and 
dried at 100° C.; it is then mixed in the samd dish with 10 c.c. 
of fuming sulphuric acid of 6,^° ‘Baume (spr gr, i-88) and heatecf 
to 100° t. for ten minutes on a v^ter bath. The acid should be 
pure and limpid Aid contain about per cent. SO,, in the free 
state. The quinone solution thus oBtained is poured into a flat . 
dish and kept for twelve hours in a damp place (say^ on a thick 
layer of blotting paper, a glass jar being placed over it all) to 
absorb water; then add 209 c.c. of cold water to the contents of 
the dish, collect the precipitated quinone ^on a Alter, and wash 
first with pure water, then with boiling alkalirie solution, and 
finally with pure hot water. The anthraquinone is now placed 
in' a platinum dish, dried at 100°, and weighed. After volati- 
' Z. ami. Chem., x^i., p. 181. 
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lizing the quiho*ne by heating the dish, the latter is weighed 
with the residue of coal and the ashes. The difference between 
the two weights gives the weight of the anthraquinone obtained ; 
and it is to be calcylated in,the usual manner into anthracene 
(multiplication by cpefficie'n^ 0-8558). A correction for the 
qui^one dissolved,in the acerfc acid is, under the conditions 
here prescribed, not iv;cessary or admissible. 

Thg foyowing table will save a calculation ;— 


Qai- 

none 

Anthracene. 

Qui¬ 

none. 

’ * \ 

An^iracene. 

4 

► Qui¬ 
none, 

■ 

Anthracene. 

Qui¬ 

none. 

Anthracene. 

• 

I 

0-86 

26 . 

22*26 * 

5‘ 

43-65 

76 

65-05 

2 

I-7I 

1 27 

23-11 

52 1 

44*50 

77 

65-90 1 

3* 

2*56 

' 28 

23.98 

53 1 

45-35 

78 

66-77 

.1 

3‘42 

; 29 

24.83 

54 i 

46-21 

1 

67.62 

5 

• 4*28 

30 

25-67 

55 

47-07 

1 80 

68 "46 

6 

5*14 • 

31 

, 26-53 

56 

47-93 

i 81 

69-32 

7 * 

5’^ 

32 

27.38 

57 

48-78 

1 

70-17 

8 

6-86 

33 

28-23 

58 

49-65 

i 83 

71.02 

9 

7.71 

34 

29«9 

59 

50-50 

1 84 

71-88 

10 

8.56 

35 

25.95 

60 

51-35 

85 

72-74 

11 

9.42 

36 

30-81, 

61 

52.21 

86 

7 3-60 

12 

10*27 

37 

31-66 

62 

53-06 

87 

74-45 


II-I6 

3* 

■ 3»-53 

63 

53-91 ; 

88 

75-32 

14 

ii-g8 

39 

33-38 

64 

54-77 ' 

89 

76-17 

15 

12-84 

40 

34-23 * 

65 

55-63 ; 

! 90 

77-02 

16 

13-70 

41 

35-09 

66 

56-49 

;i 91 

77-88 

17 

14-55 

42 

35-94 

67. 

57-34 

:| 92 

78-73 

18 

15-42 

43 

36-79 

68 

58-21 

ij 93 

79.58 

19 

16-27 

. 44 

37-65 

69 

59-06 

1 94 

80.44 

20* 

_ 17-12 

45 

38-51 

70 

59.91 

j 95 • 

.81-30 

21 

17-98 

46 

39-37 

71 

60-77 

1 96 

82*16 

22 

18.83 

47 

40-22 

72 

61-62 

j 97 

83.01 

23 

19-68 , 

48 

41-09 

73 

62-47 

1' 98 

83.87 

24 

20.54 

1 49 

41.94 

1 74 

63-33 

j 99 

84-73 

25 

21-40 

ir 

,42-79 

.. 4 

! 75 

64-19 

1 100 

85-58 


G. Schultz 1 holds ‘that in gne respect the Hochst test gives 
too unfavourable a resulj, since chromic acifl converts methyl- 
anthracene into soluble anthraquinone-carbonic acid and thus 
removes whilst in the actual manufacture methylanthracene 
is converted into a quinone, and this into methylalizarin, which 
is sai^ to have as much tinctorial "power as alizarin. This, 
however, is not so ; the products fo'ritied from methylanthracene 
impart to the,alizarin colours a very objectionable shade, and 
hence alizarin-makers dread methylanthracene almost as much 
as paraffin \cf. Rdmer and Link, Ber., 1883, p. 69*5). It ocdlirs 
‘ Air., i 877 i P- 1051. 
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in large quantities only in the anthracene recove'red from the 
washing-n aphtha 

Holland' objects to Meister,iLucius, & siruning’s process 
(the “ Hochst test”): 1st, that the 55 c.c. of,.glacial acetic acid, 
diluted though it be with 400 c.c. of water, still retains anthra- 
quinone in solution, viz., on an- average 0-00^3 g.; 2nd, ,that 
boiling water dissolves some quinone, ■^iz., 500 c.c. of water, 
0-0019 quinone; 3rd,, that*in thrice washing the quinoije from 
the filter a small loss, is inevitable,>- .which, he estimates at 
0-0020 g.; even with Ihe mosV car^fyl manipulation the total 
loss amounts to 0-0065 quinone = 9-0055 anthracene, and this 
quantity should always be added to that (pund. (According 'to 
information received by me from a most reliable authority, 
Holland’s corrections are inadmissible, as the anthraquinone 
obtained by the Hochst test is itself not quite pure, but con¬ 
tains mcthylanthraquinone, anthraquinohe-carbonjp acid, and 
paraffin, which may cause an error of i per cent, and upwards in 
the opposite direction to Holland’s corrections.) 

Anthraquinone, as obtained by the' Hochst test, ought to be 
crystallized and of pale yellow colour. An orange or red cqlour 
indicates the presence of other, quinones, especially those of 
phenanthrene and chrysene. The latter is also recognized by 
the production of an indigo-blue coloration on adding the 
sulphuric acid. In the case of impure anthraquinone, both the 
acid filtvate and the alkaline washings are deeply colouraj. The 
above-mentioned quinones do not prevent the crystallization of 
anthraquinone, but this is done by the quiftone, CjeH^NO,, 
produced by the oxidation of the imjdo-phenylnaphthyl (see 
below), which is one of the sourses of the.sD-*called "amorphous' 
particles^” This impurity can be destroyed by a somewhat 
longer-continued heating with sulphuric acid, which ought hence 
never to be omitted when crude arftliraquinones of suspicious 
appearance have been obtained (Allen, Commercial Organic 
Analysis, 2nd ed., ii., p. ^^2). . 

Basset {Chem. AVws',.lxxiii., p. 73) proposes boilieg the 
quinone, obtained accordi-.ig to Luck’s method,Jbr some time 
with a mixed solution of chromic?^nd nitrfc acid ; pure anthra¬ 
quinone does not lose weight, but that obtained from commercial 
anthracene loses i or 2 per cent, or more. Lat'er on {ibid., 

’ Printed circular, dated Manchester, February 187^. ' 
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Ixxix,, p'IS/)" he*pointed out the fact that acetic acid sometimes 
reacts on chromic acid, which might be a source of error. Pure 
glacial acetic aci(#(l6°-7 filsing-point) reduces'in the coldo-l6g. 
chromic acid (out o/ 15 g.) in twenty-four days, and 4-44 g. on 
boiling four hours under thd same conditions as in Luck’s test; 
less pure glacial ‘acetic acid (i*5°-3 fusing-point) reduces under 
tfie same conditions 5-87 g. chromic’ acid in the cold, or 6-45 g. 
on boiling. These lower grades of'jicetij acid cause “high” 
results, by reducing th^'strength of the chromic-acid solution 
on keeping. ^ ^ • 

A. G. Perkin (/. Soc. Bjifrs and Col., April 1897) points out 
tHkt nothing certain is known aps to the nature of the impurities 
destroyed by the action of fuming oil of vitriol on anthraquinone. 
They are probably chromium compounds of the carbon-acids 
or phewol.s formed during the oxidation, and decomposed only 
by heating 'J'ifh oil of'vitriol. The quality B of crude anthra¬ 
cene, which requires special processes to yield good alizarin, is 
recognized by the presMice of felt-like masses, the nature 
of which is not clearly known; it frequently contains / 3 - 
* methylanthracene, and in doubtful cases should be tested by 
converting it into alizarin. , 

Mr B. Nickels has communicated to Mr Allen {loc. citl) the 
following proce.ss for testing anthracene, employed at some 
alizarin-work.s, of which the aim is to work as closely ^as possible 
according to the method of oxidation pursued on a manufactur¬ 
ing scale. With this view, the oxidation is carried out in very 
dilute liquids, unCer which conditions the anthracene is converted 
into anthraquinone, whi^e the foreign hydrocarbons suffer but 
Httle change. On .subsequeirtl)^ treating the product with 
sulphuric acid, the Onoxidized hydrocarbons are converted 
into soluble substances, and nearly pure anthraquinone results, 
which may be obtained perfectly pure by a second treatment 
with acid. In experienced hands and with careful manipulation, 
this miniature factory-operation gives constant and very accurate 
results.. The chief source of error is tiie incomplete conversion 
of the anthracepe itself, and its consequent solution and loss on 
treating the crude an^hraquijjiJne with sulphuric acid ; but this 
can be guarde3 against by a microscopic examination of the 
oxidation-prbduct. The following are the drtails of t 4 ie 
process:—^en grammes of the sample of anthracene are ground 
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to an impalpable powder in a mortar; 20 *g. bf potassium 
bichromate are added, and the whole is thoroughly mixed' 
by grinding. The mixture is transferred to 4 large porcelain 
dish, I litre ofwater added, and the liquid madp to boil. Thirty g. 
of sulphuric acid are diluted with about^ an equal measure 
of water, and added in successive small portions during ajeout 
one hour, the liquid being kept constantly.bo'iling and frequently 
stirred. The boiling is ,continued for three -hours after the 
whole of the acid has .been added, care being taken to replace 
the loss by evaporatioh by adding 'boiling water, as it is only 
in a dilute solution that the anl^hracene can be converted 
into anthraquinone, without .simultaneously oxidizing the 
accompanying substances. The liquid is next filtered, and the 
filter washed with hot water till all traces of chromium-salts . 
have been removed. The contents of fhe filter are thew dried 
at 100° and weighed. The weight obtained represents the 
yield of “crude factory anthraquinone,” and may contain from 
40 to 50 per cent, of the pure substance. Before purifying 
this crude product, a minute quantity of it should be dissolved 
in hot benzene and a drop of the solution placed on a glass 
slide. After allowing the dissolved matters to crystallize, a 
glass cover is applied, and the slide observed under the 
microscope. Unoxidized anthracene, if present, assumes the 
form of sharp, tabular, overlaying plates; while the anthraquinone 
will be.: in' the form of distinct needles and stellated- groups. 
Naphthalene is the only associated hydrocarbon which at all 
simulates anthracene, but with a little cate it is readily 
distinguished. The other bodies likel^y to be- present assume 
more or less characteristic formrs, which pannot be confounded 
with anthracene. Examined with the polariscope, the appear¬ 
ances of anthraceae and anthraquinone are extremely character¬ 
istic. If no unoxidized anthracene be detected under the 
microscope, the purification of the crude anthraquinone is 
proceeded with as follows;—. ' 

The crude anthraquinone is next treated in a small .shallow 
dish with four times its iv'cight of strong sulphuric acid; and 
the mixture is heated in the wattr^oven fdr about an hour and 
a half, being frequently stirred during that time. The capsule 
isi'then placed in a box, or under a bell-jar, side by side with a 
larger dish of boiling water, so as to maintain a nlt-ist atmos- 
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phere, which causes the gradual dilution of the acid and facilitates 
the .crystallization of the anthraquinone. After twelve hours 
the capsule is renioved and irtimersed in about 500 c.c. of water, 
which is then boiled. After cooling, the liquid is filtered, the 
residue washed till free from acid, and then treated on the filter 
with a dilute boiling solution Sf caustic soda (sp. gr. 1-04), till 
the titrate runs thflough colourless. ‘The alkali is then washed 
out with warm water, and the substaiKc on the filter dried at 
100° CT aiTd weighed. Xhe product ba.s* a greenish-grey or 
slate-grey colour, is highly^rysUllinc, afld contains from 80 to 
95 per cent, of real anfhraquinone. A known weight of it 
(about I g.) is further purified by heating it in the water-oven 
for ten minutes with'ten times its weight of strong sulphuric 
acid.' The product is exposed to a moist atmosphere, dissolved 
in water, filtered, treated with alkali, etc., and weighed in a 
mannt-r exactly similar to that previously adopted. The usual 
precautions*respecting the treatment of the anthraquinone on 
the filter should be obscrve’d hei;e. The weight of pure anthra¬ 
quinone obtained is calculated first on the grey product, and 
* then on the original sample, or intermediately on the crude 
anth’raquinone, if some of the latter was not recovered from the 
benzene solution used for its*microscopic examination. The 
pure anthraquinone found, multiplisd by -856, gives the real 
anthracene in the sample. ^ 

It slKJuld be stated that the anthraquinone test, even in its 
most perfected form, does not give ab.solutely reliable results. 
Sometimes a ceftain description of quinone, which is as beauti¬ 
fully crystallized as possible, and cannot be distinguished by 

any outward-marks,yiel^s veryiinferior alizarin. The cause of 

this is as yet unknown*; but it is most likely that the tjuinone 
in such cases contains not mer^y pure anthraquinone, but also 
the derivatives of hydro?3rbons other than anthracene, which 
are so similar to anthraquinone in appearance and chemical 
properties,*that at prcsent*no njeans are known of separating 
them J^rom anthraquinone itself. .Some authorities have 
asserted that ^lese inferior quinonei are more easily soluble 
in glacial acetic acid* but no proof of this has been given, and 
we must hold rtiis question as not yet solved. 

We mention also a plan for estimating the quantity *0/ 
anthracen^resent in tar, although it does not appear to be very 
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correct, the quantity of tar worked upon being so very small. 
C. Nicol (Z. anal. Chem., 1876, p. 318) distils 20 g. of tar, and 
collects the vapours in a U-tube i.-ept at 200' C. by means of 
a paraffin-bath. Here the more volatile oils go away, whilst 
anthracene, etc., remain behind. Since a little remains in the 
neck of the retort, this is cut off, the glass is pounded and 
added to the distillate in the receiver. This is now di.ssolved 
in glacial acetic acid, and_,.the anthracene estimated by Luck’s 
test. (In testing tar, I distil at least, i litre at a time,' and 
estimate the anthracene in thci oil coming over between 270° 
and the end of the distillation.) , 

Detection and Estimation of the Impurities contained 
in Commercial • A nihmeene. 

Imido.phenylnaphthyl, which impedes the purification of the 
anthraquinone, can, according to B. Nickels {Chem. Neivs, xl., p. 
270; xli., pp. 52, 95,117) be discovert'd by dissolving the sample 
of crude anthracene in hot benzene, filtering through a dry 
filter, and examining the solution with a spectroscope. The 
above substance produces a highly characteristic absorption- 
spectrum, showing two broad and well-defined black bands 
between the F and G lines,and another slightly more refrangible 
than G. 

Metliylanthracene. —This very unwelcome substance occurs 
principally in anthracene prepared from gas-tar, obtained in 
cases where cannel-coal had been used for gas-making. If it 
is present, the anthraquinone obtained in the- analysis of the 
anthracene does not appear in the u.sual ijeedle-shape, but as a 
felted mass. Schultz and Papp {Berl. Her., 1877, p. 1049), who 
were the first to discover methylanthracene in crude anthracene, 
describe a method for separating it, vtz., oxidizing the anthracene 
by potassium bichromate and sulphuric acid, distilling the 
residue, and treating the distillate with alcohol; from the 
alcoholic solution the phenanthrene crystallizes out, aad from 
the mother liquor the jnfcthylanthracene caru be prepared. 
A. G. Perkin (/. Soc. Dyers and CaJ., April 1897 ; Chem. Centr., 
1897, p. 447) declares that the best valuation of anthracene 
containing methylanthracene takes place by working it up for 
alizarine. 
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Parafin, 'th^ objectionable presence of which in some 
samples of anthracene has been mentioned on p. 614, can be 
detected and deterininedinthWollowing manner:—Ten grammes 
of the sample is heated with 200 g. of strong sulphuric acid in 
a water-bath for about ten minutes, or until the anthracene is 
completely dissolved. Any considerable quantity of paraffin 
will rise to the surft^e in the form of oily globules. The 
solution obtained, is cautious!)' poured in^o 500 c.c. of water 
contained in a tall beakfrt After being»thoroughly stirred, the 
liquid is allowed to cool, t^hen‘any paraffin will rise to the 
surface, and having solidified, can be removed, washed with a 
lime cold water, dried betweewi blotting-paper and weighed. 
From 2 to 5 per cent, is the quantity usually present in Scotch 
anthracenes (Allen, Commercial Organic Analysis, 2nd ed., ii., 
p. 529).. 

Hausler an"d Herdd^ estimate the paraffin by placing at least 
2. g. of crude anthracene into a flask holding 150 c.c., and 
adding, at first drop by drefp, and cooling with icc-water, 25 c.c. 
fuming nitric acid. When all the acid has been added, the 
"whole is digested until the anthracene is dissolved, then heated 
on tKe water-bath till all the pa|;affin is melted. The latter after 
cooling is collected on a small filter and mixed with fuming 
nitric acid, until the filtrate does net become opaque on the 
addition of water. Then the washing is continued wdth water, 
until the»acid reaction has ceased. Now a test-tube is» placed 
under the filter and the paraffin is washed into this, first with 
alcohol, then wfth warm ether. The alcoholic solution is 
evaporated in a small porcelain dish on the water-bath ; after¬ 
wards the ethereal ‘sp^ution is tdded and is also evaporated ; 
the paraffin is dried for half an hour at 105° or Ilt 3 °, and 
weighed. • 

Kraemer and Spilker *(tn Muspratt-Buute, viii., 70) recom¬ 
mend the following method as very accurate;—Shake 10 g. of 
the very fin'tly-ground antliVacene in a too c.c. flask with 70 c.c. 
ether {oj ten minutes, fill with ether iip to the too c.c. mark, 
mix, and put asjde for settling. Tuf'sb c.c. of the clear solution 
into a porcelain disR, allow^ftie ether to evaporate, and dry 
the residue at iJjo'” for half an hour. After cooling, triturate it 
finely, add S' c.c. fuming sulphuric acid (with 2o per ceift. 

^ ' Z. angeitf. Chem., 1895, p. 253. 
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anhydride), mix well, cover the dish with a'watch-glass, and 
heat for three hours at ioo° C., frequently stirring. Wash- the 
contents of the dish, by means <of ^oo c.c. hot water, into a 
beaker, and after cooling, pass through a flry filter and wash 
this and the beaker with cold water until barium chloride does 
not produce a cloud in the filtrate. Allow the filter to drain 
thoroughly, moisten it with absolute jlcohol, and wash the 
paraffin by means ,of ether into a weighed dish until a few 
drops of the running^off ether do nof leave any residue on 
evaporation. Reinove'also the last traces of paraffin from the 
beaker by means of ether. EvaporMc the ethereal solution in 
a moderately hot place, dry the' residue |t 105° C. for half an 
hour, and weigh it as pure paraffin. 

The following process for estimating small quantities of 
paraffin in anthracene is recommended’in The Oil and' Colour- 
man's Journal, 1906, p. 487 (Z. angeiv. '’Chem., 1907, p? 463). 
Heat 10 g. of the anthracene with 108 g. concentrated sulphuric 
acid in a beaker on the water-badi till dissolved, and after 
cooling pour into 400 c.c. cold water. Extract the solution by 
shaking it twice with petroleum spirit; mix the extract first 
with half its volume of 5 per cent, caustic .soda solution, then 
four times with one-eighth of its volume of cold concentrated 
sulphuric acid, and lastly, remove the acid by washing with 
water. Now distil the residue from a tared flask; the residue, 
multipKed by 10, indicates the percentage of paraffin. ■ 

Analytical Methods for Carbasol and Phenanthrene }— 
Carbazol can be estimated in two ways. Esther remove the 
basic compounds by means of warm, dilute sulphuric acid, 
estimate in the residue the nitrsgen by Kjeldahl’s method, and 
from this calculate the carbazol. Or' else proceed in the 
following manner:— 

In a very thick-walled steel crucible. Fig. 149, holding 80 c.c., 
in whose very thick sides there is a hole drilled for a thermo¬ 
meter, 40 g. caustic potash of 80 'to 85 per cent.* KOH are 
melted. Keep the temperature at 180° to 200° C., and with 
constant stirring‘introdi&S 20 g. of crude caii)azol (or crude 
anthracene). Take away the to^ part, pu^ any matter sublimed 
into it back into the crucible and volatilize the 'anthracene and 
other concotnitant substances at a temperature'w/ exceeding 
* Ysma Muspratt-Biinte,'n\\.,';\, 
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270° C. For tills two hours .suffice in the case of high per 
cent, carbazol. i^onger hpadng should be avoided. Triturate 
the cold melt with hot wateP and add dilute sulphuric acid 
until the scid reaciion is distinct. Put the carbazol thus set 
free on to a filter, wash and dr^. The product is usually of a 
dark, colour and m^ust be purffied vyith toluene, of which for 
high per cent, carbazod 600 to 800 c.c. are required. Pour the 
boiling .^olqpne solution through a pteiteA filter and wash the 
flask and the filter witft ^ 
small (measured) quantity of 
boiling toluene. From the 
(usually brown) solution part 
of th,e carbazol crystallizes 
out ; this, after twelve hours’ 
standing at to 18“ f., is 
drainefl by aspiration on a 
fiher disk and weighed. Tlif; 
filtrate is measured at 17' t., 

.and for each 100 c.c. 0-48 g. 
carbajiol is allowed as con¬ 
tained in the solution. In 
the end 0-5 g. carbazol must be added as a correction of the 
quantity found. * 

V^utel {^Z. angezv. Chevi., 1891, p. 748) estimates carbazol by 
titration lof its solution in glacial acetic acid by means of 
potassium-bromate solution with addition of potassium bromide 
up to a permanent reaction for bromine. For 2 mol. bromine 
only I mol. carbazol is used up. 

Estimation of P1i?ttant/ireitc.—'Xh\s is more difficult than 
that of anthracene and carbjwol. The following method 
(communicated by Kraegier and Spilker) ‘gives tolerably 
reliable results only in the case of a material rich in phenan- 
threne. Foj estimating it iji crude anthracene the percentage 
of phenanthrene is increased as fbllows;—Dissolve i kg. crude 
anthracene in 2 kg. toluene and allow tarfystallize at the ordinary 
temperature, with freqyent stirryig for six hours. Separate the 
liquor after drawjng it off by ap vacuum pump and washing with 
200 c.c. toluene from the anthracene and carbazol,^ which had 
been separated as crystals, and remove the toluene by evapora¬ 
tion. The 'residue thus obtained is submitted to fractional 
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distillation, and the product passing over laetween 280° and 
340“ C. is considered as rough phenanthrene and treated as 
follows:—20 g. of it is heated \?ith' a solutfon'of 30 g, picric 
acid in 300 c.c. dry xylene in a. flask withrreflux CQolcr. The 
crystals separated after standing for twepty-four hours, during 
which time the mass should be strongly^ shaken up several 
times, are collected on the vacuum purr p, dried, and weighed 
as crude picrate. The idiother liquor is diluted jvit^ 50 c.c. 
xylene, ajid in it once'more 20 g. cfufle phenanthrene and 30 g. 
picric acid are dissolved. Thd difference between the quantity 
of rough picrate now obtained against the weight of the first 
crop of crystals shows the roifgh picrate dissolved in 250 c.c. 
xylene. From the solubility factor thus obtained and the 
weights of the crops of crystals we find the total weight of the 
rough picrate formed from 40 g. of the crude phena'nthrene. 
A weighed portion of this is recry.stallized from, 95 pdr cent, 
alcohol. To the weight of the pupc picrate, separating in the 
shape of shining yellow-red needles. That dissolved in the alcohol 
(20 g. for 750 C.C. 95 per cent, alcohol) must be added. It is, 
better to convince one’s self of the purity of the last-obtiained 
picrate, by decomposing it with ammonia, wa.shing the hydro¬ 
carbon with dilute sulphuric acid (to remove any acridine, 
possibly present), and weighing the remainder; lOO picrate = 
43-7 phepanthrene. In the case of very impure phenanthrene 
it is [Preferable to work upon 30 g. each time, allowing 45 g, 
picric acid and 200 c.c. xylene (in lieu of 50 c.c.) after the 
first crystallization. The difference of bofh crystallizations 
now represents the solubility of rough picrate in too c.c. 
xylene. , “ . • * 

•The following qualitative, reactions for the discovery of 
carbazol andphAanthrene arc given f)y Behrens.' For carbazol 
extract with acetic ether in the” cold, allow the liquid to 
evaporate, and put the residue on to a watch-glass, with a few 
drops of acetic ether'; the' carbazol, remaining behind on 
evaporation on the margip, when being moistened with a drop 
of nitrobenzene and phenanthrene quinone, yields characteristic 
copper-coloured scales. For phananthrene, ex,tract with benzol 
and test with a solution of dinitrophenanthrene quinone in 
nitrobenzene [cf. also, Che.m. Centr., igoi, i, 796). 

' CAem. Centr., 1902, ii., 540. 
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Examwation of i/ic Coninicrcial Products obtained from filtered 
I Anthracene Oil. 

Carbolineum .—Qn pp. 6o£ .ei scq. we have given a general 
description of the products sjild by that designation. Their 
exarjiination would comprise the^determination of specific gravity 
by the usual methods ;*of the deposits of solid substances at the 
ordinarii^teiyperature; a fractional distillationin the way described 
infra, by which at the time any vfater present would be 

found ; the nature of the^residuS from tfie distillation (whether 
crystalline or pitchy); the ^ietermination of the viscosity by 
EiTgler’s method ; of Ijie inflarrrtng-point according to Pensky’s 
method; and the composition of the ashes. Frequently it may 
be important to prove any adulteration by hydrocarbons of the 
aliphatit series, particularly water-gas tar, which can be easily 
performed b;^ shaking up with dimethyl sulphate, according to 
the method of Valenta and ^Graefe, which will be described in 
the next chapter. * 

Ndrdlinger {Pharm. Zeit., 1907, p. 1097) examines carbo¬ 
lineum and similar products by soaking them up in blotting- 
■ paper, determining the loss of jiveight by the volatilization of 
the lighter oils, and extracting the residue by ether. Good oiks 
ought to show but a slight loss c)f weight, and after the 
evaporation of the ether they ought to retain the oily properties. 

Absorbing-oil. —The oil prepared by the method ot Bueb 
(p. 607) for the purpose of washing the naphthalene out of coal- 
gas (which is performed in order to prevent an obstruction of 
the gas-pipes by Yiaphth^ene), which is obtained by repeatedly 
distilling the anthracaiie oil, anc> removing the fractions^boiling 
below 270°, and which ft sent into the trade either in that state, 
or after adding 4 per cent.^of benzol, is examifted as follows :— 
_One hundred c.c. of the oil are distilled in a bulb of 300 c.c. 
capacity, provided with a two-bulb tube at the top, a ther¬ 
mometer, and a cooling-jaclcet 3&0 mm. long, at a rate of one 
drop pef second from the cooler, maWng two fractions (i) at 
200°, (2) at 270°. The oil containing an addition of 4 per 
cent, benzol ou|;ht to yield,, apart from the benzol coming 
over up to 120°, at most 2 per cent, (by volume) up to 200°, 
and^from 4 to at most 8 per cent, between 200° and 270'’. 
The less -distils between *200' and 270° the better is the 
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quality of the oil. When distilling oil cont^inifig no benzol, 
the first fraction ought to be less by 4 per cent. Both 
fractions, when cooled down to o’’ for an hour; ought not to 
separate any naphthalene. 

On the estimation of the absorbing quality of such oils, we 
refer to the prescriptions of Hoflurek, p. 605, Ellery, p. 608, and 
Bayer, p. 608. 



.CHAPTER VI 


I'lTCII 

It iitcd hardly t* said that the word “pitch” denotes many 
•^bstanc&s which have nothing to do with coal-tar, such as pitch 
fr(jpi petroleum, v/ood, natural bitumen, *and ^ome products 
obtained "fci the jna’nufacture of stearine, wool, cite. IJonath 
.Slid Marjosches {Clicm. Ind., 1904, p. 221) discourse on these 
various descriptions pitch and asphalt and their distinctions 
from coal-tar pitch. In this book we treat exclusively of the 
latter. ’ 

' The nature of coal-tar pitch is very little eluci 4 atcd up to 
the present. We shall [Vesently quote statements on the 
ultimate analysis of pitch, and,on the amount extracted by 
various solvents, but this evidently does not lead to a know- 
ledge.of the chemical compounds constituting the pi^ch. Aug. 
Lemoinc, in a pamphlet published in 1902 under the title Sur 
hi fonnaissgnce dcs brais niineranx (Charleroi), contends that coal- 
tar pitch is a mi.xture of carbon, of “carBures,” and “carbenes.” 
About the so<:alled “ free* carbon" we shall presently say 
more; all are agreed that it centributes nothing to thg 
plastic and agglutinating, properties of the pitch. The 
“ carbures " arc at thf:»ordinary temperature a brownish green 
or blacK mass, like butter entirely fluid at 45.° to 50' C.; they 
impart ta the pitch itsjolasticity and its power to glue togather 
•pulverulent substances into sblid masses. The designation of 
“ caAenes ”^has been given by Letnoine to a blaclj, crystalline, 
shining powder v^hich h^ found i^ pitch, softening and fusing 
about 200'*C. ,At that ^mperature it swells,up »nd spreads 
on the glass, adhering to it but slightl)'. The chemical ntRure 
of these* compounds varies vc^'y much, but Anyhow they are 

isi - - ’ 
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^ijon-saturated compounds, as they, combine with '.brAniy. 
They impart to ther pitch t!j(e pl^^erty'of *being solid at. 
ordinar)^ temperaturS^f.th’ey cdytibtjje hut little to 4 ® ^Cg^om. 
crating properties,’ but the/ arp indiSjj^nSable, bdtause without 
their pi'esen'ce^the tar would be.too gJtitliKJCis; «lhe briqUfettes* 
etc., would adhei.- to the moulds^'and wo«ld*.^e jtt)o soft and 
ea,sily deformated,; bfit if there’is toO much of th*em present,_th^ 
briquettes would too little compact. Leijiotne giveS som^ 
tables on the percentage 6 f agglutinating substanci^ in .yarioift 
pitches, and on their degree of^pla^tr^cfty/bTit as he does not 
indicate how his,results are obtained, ^'e abstain from goin^ 
into his figures. \Vc refer Here abo to the investigations oS 
Carnelly on the soluble constituents of coal-tar pitch [suptn, 
p. 264). 

According,to Kraemer, it may be a.ss’umed that coalotar 
pitch generally contains about 60 per cent. of«solubl< 5 '“ asphalt,” 
of the formula and about 40 per cent, of substances of. 

the formula as well as free carbqn and other insoluble 

substances. Of course pitch also contains some of the^ighest- 
boiling constituents of coal-tar, as anthracene, phenanthrene, 
chrysene,, pyrene, carbazol, etc.' 

Kraeraer {Chem. Ind., 1903, p. 30,3) develops his ideas on the 
formation of coal-tar pitch. Certain non-saturated compounds— 
e.g. indene—are polymerised and subsequently decompose by 
heating, the hydrogen changing its position within the molecule. 
On one side one molecule of hydrindene, containing 2H more 
than indene, is formed, on the other side truxene, which contains 
6H more than indene 'and has a high melting-point: 

4C„Hs=2C„Hj;+c,»h,,,. . 

ijimilar additions with subsequent splitting-up appear to occur 
with many other nonasaturated components of the products 
of tar distillation, possibly also with comp.oundS cofltaining 
O and S, and it may be assumed that the pitch oensists 
essentially of substances formed^ in this manner, of very hjgk- 
boiling-point. < 


Hlemattary Cnmpositiou of'- Coal-tar Pitch, 
c 

Constam and Rougeot {GtUckauf 1906, pp. 406 et seq.) 
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fo(jnd*tl)af followini pprpntages ‘of elementary substances in 
•soft anfl middling hard piich 



H 

()+N+*S 

^shes 


- - 

• 

• 

• ^Soft pitch. 

• ' * i 

__L. __ i 

Middliug hard pitah 

• 

* 1 

6i*^ per rftnt. 

85.'I4\o 92;59 per cent. 


+•89 M # 

1 4*85 to 4*60 „ 

• 

.V20 ^ 

7-87 to «.77 


0.31 

^ •2-54 to ^0-04 „ 

- \ 

• •- -. — 

' -- - 


C. R. powns (/. Ivd. Eng. Cheni., 1914, Vi,, p. 206) found 
the composition of three typical American brand.s of pitch for 
the manufacture df patent fuel : — 


• 

Per cent. 
No. 1 . 

Per c(!%t. 

No. 11 

Per cent. 

, No. MI. 

8. . , . ■ . 


92-.87 

9^09 

• • • 

4’83 

4-96 

S-OI 

% . „ 

0-95 

0*61 

o-8y 

.8 

. • 0-92 

1-00 

0*85 

Ashes 

. 0*09 

078 

0*35 

0 . . 

r*i6 

0‘28 

0‘00 

C (free) , . 

• 3«‘7 

3 i ‘3 

26.^. 

Fusinjf [.mini 

I rs" 

87° 

84” 


Something on the es.sence of»coal-tar pitch can be learned 
from the product.s of its destructive distillation, to be described 
later <♦11. In this process, be.sides .solid ar*i liquid hyilrocarbons 
of the naphthalene and anthracene series, there are formed 
benzene, rajueous vapour, and ammonia, together with other 
gaseous substances. Recording to Watson Smith ( J. Soc. Cheni. 
Ind., 1892, p. >jp)» the smCIl of ammonia is only perceived 
after the coking (during the coolmg ef the coke in the air), and 
Alder Wright in this^case also ob.served the smell of cyanogen. 
Stavelej^ (C^rw. New^ xliii,, p. 228) found in pitch coke only 
0-11 to 0-12 per ifent. sulphur, a proof of the 'fact that most of 
the siflpHbr contained pitch during the coking process igoes 
Into the volatile compounds. . , , 

1” tht owdinary solvents pitch "is more or less sohible, not to 
a great extent in ^thyl- o^ methyl^alcohol, morfi easily in ether 
and petrofeum* spirit, very much so^in chlerofoem, carbon 
disulphid,e, and benzol, most easily and completely in* the 
phenols,’aniline and pyridine.bases. These solutions, which 
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'are coloured browh up to blJick,'are. chararterized "hy a®blu^- 
green fluoresccnoc, diilerently sJ>ade6jaccor-^ingi to the Solvent,- 
when lighted from the/jptSide, ' r- 


Properties : llaid qnd ^ofti Pijdt. 

. We have seen-in the preceding chapter that' the distillation 
of coal-tar leaves a more or less consistent rcs'diie, according to 
the way in which it has been conducted. _}( only ^hu light oil 
is distilled off (that is, if the profess ft; Stof'ped when the specific 
gravity of the distillate equals that of w^ter), the residue in the 
retort (about So per cent, of the weight of the tar) is sometimes 
called asphalt (J’rai liijtiide). It is very unusual now to carry 
on the process in this way; what is called “ a.sphalt'” by tar- 
distillers is made by mixing ordinary pitch with a suitable 
quantity of. creosote oil, and most commonly' it i.s'^.soft pitch 
mixed with sand, etc. {vide infra). 

If about lo per cent, more is djstilletioff, the residue is soft 
pitch; next comes moderately hard pitch; and hard pitch is 
obtained if the process is carried on as far as wrought-iron 
vessels wp!L permit (p. 4C8). Another rule is this : Soft pitch is 
obtained if the distillation is interrupted before driving off tlje 
anthracene, when the specifi® gravity of the distilling oils is 
about 1-090; hard pitch, if it is continued till the oils show 
sp. gr. I;i30;' moderately hard pitch, if the distillation is 
interrupted between these two stages.' These indications 
certainly vary according to the quality of the tar, its contents 
of free carbon, etc. 

'fhe specific gravity of pitch depends -upa. its degree of 
hardness, and even more upon'the material from which the tar 
has been obtained. It is=l-25 to 1.275^ in the case of pitch 
from vertical stills anS from coke-over/ tar; pitejh from gas- 
tars, rich in free' carbon, shows a specific gravity not below 
1-30 to 1-44, whil.st pitch from water-gas tar and o'll.^s tar 
rarely exceeds 1-20sp.gr. _ , ' 

Soft pilch softens at 40“ and fuses at 50°; ^at‘ordThary 
temperatures it'is soft, and pnly at lower temperatures it can 
be broken into pieces wjjich re-unite after lying»for some time. 

‘‘The manufacture of pitch from coal-tar without distilbtion, by a 
treatment with sulphuric acid, has been mentioned, supra, p. 36'i!. . 
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Ilj is ^ry.'shlny on'the fraction surfaces; when lying in sunshine, 
•it soon-runs together intof visppus massf.showing a mirror-like 
Justre.* 

Middling hard /frS'iX^iq’nette f^tch) softens at 6o° and fuses 
tat alftjul 70“.'‘Aftirdiiljify temperatures it is Ijard an 9 easily 
broken^into'^iejjs, which^ hjuwe.ver, have no sharp edges. When 
pxposed to sunshine, it soon collapses iiitO a shapeless mass, . 

, Idardpitch"soit-tViS at 80“ to and fu.sej between 90” and 
foo". .p»i ^eiisg broken up it yidfls shajp-edged, sounding 
pieces of slight h]srrc,*^hich^ resist thc^ action of sun.shine 
very well , • 

. ' The asphalt, if obtainesi by Inerely distilling off the light 
(tils, iiaturally corftain.s all the constituents of creosote oil (that 
•is, naphthalene, phenols, etc.), together with all higher-boiling 
substances. Propeh “ pitch ” always contaihs th^ least volatile 
componeifts of coa’l-tar, such as anthracene, pljcnanthrene, 
, chrysene?, pyrene, etc., together with several ill-defined sub¬ 
stances, as bitui4cn, Sit., and free carbon, or rather coal-dust or 
coke-du^st in an extremely fine state of division. It is, however, 
possible that something nearly approaching real carbon, or 
■graphite, formed b)' the dccoBiposition of tar-oils,an the hot 
^ides of the retorts, is al.s*o pre.sent in coal-tar. The value of 
coal-tar is greatly diminished if ihere is a considerable quantity 
of such “ free carbon ” present, which always comprises coal- 
dust ,or coke-dust as well {cp. supra, ;*]). 394 and 523, and 
infra'). ' 

Behrei^s,' by successively digesting hard pitch, freed from all 
oils up to sp. gr. I- 130 , with cold benAtnc, carbon disulphide, 
boiling benzei-^^;, aijdl)oilihj^ alcohol, obtained 23-54 per cent, of 
a black powder,’containing 90-836 C^, 3-05S H, an< 4 0-398 ashes ; 
avhen treated somewhat differently, the residue yielded 91-921 i, 
3-157 II, and 0-<S72 JsJtes, quite similarMo South Welsh anthra¬ 
cite {cf. the’patant of E. Heusser, further on)-.. 

/'^carding to Habets," good hard pitch consists of 75-32 
•p^r cent. C, 8-19 H, l 6 -o 6 O, 0-43 ash, and its .sp. gr. is 
i-2/'3 tcs)-286. \ 

Donath and ^Asriel,^,in exaijjining soft pitch, moderately 

^ /)in(;;t.*pc?tyf. f, ccvVii.,^. ^ 6 ^. • 

^ Gurlt, Steinkohlenbriguettss, p. 23. 

" Chem. Centr.^ *903, i., p. 1099.* 
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bard pitch, and ha'rd pitch frjjm the same factbrj', obtained wi^h 
it the fojlowing r-esulU per cent.y— *ii ” • * > ‘ 


i 

H 

n i J 

V bi ' . * i 

‘ : 1 petroleum *1 

i sjiriti. J 

Kxtrtc't 
•‘witllK 
! benzene. 

fr 

Extract I 

7,“> . .iL. !' 

Soft pitcii . . 91*8 1 

InteimccJiate pitch 94'32 
H.'ird pitch . . 93-16 

4.62 

3-98 

4.36 

.' (| ? 35-05 

0-148 to -77 1 15-14 ! 

I' ? 1 15-51 i 

■ ! ! vl 

44.98' 
tlo- 0.3 ■ 
39 '-. 5 fi j 

6-57 . 21 - 82 ; 

7.10 

IS 7 * 29-391 


Hard pitch, on bein^ extracted with petroleum spirit of 56'’ to 60" 
boiling-point, yielded a very Cough^. viscous residue, Containing 
2-19 per cent, anthracene. The extractions !vith benzene and 
that with CS.J followed in rotation. The last residue was a non- 
lustrous, deep black powder, containing 89 2 C, 2-3 H, 07 N, 
7-13 O, 0 -6^ ashes (O calculated from difference)..' The con¬ 
stituent which imparts the black colour to pitch is comjiaratively 
the richest in oxygen. Part of this r/“.sidue^ is undoubtedly 
more or less unchanged coal-dust. ' ‘' 

Hard pitch is easily divided into flakes or lumps, vJhich do 
not soften even in the sun, and fan be always sent out in bulk,' 
whether in'railway-trucks or in ship.sj at all seasons of the year. 
Moderately hard pitch can be .sent out in bulk in railway-truckS, 
but not in ships, where it would coalesce into a mass, at lea.st 
in the warm season. ^ Hence the English tar-distillers mostly 
make mofierately hard pitch ; and so do the French, at least 
in summer. Soft pitch can only be sent out in caj^ks, and is 
mostly run into these «lirect from the tar-stillk. According to 
the Alkali Inspector’s Report for ,',893, pf 114,^5 per cent, of 
the pitch made in England is. sold in the mfedium-hard stage, 
^fter distilling up to hard pitch and softening it with creosote 
oil; only I or 2 per coni, is sold in the st^te of hard pitch, and 
3 or 4 per cent. as.soft pitch. 

The manufacturers of patent fuel, especially in Jleigium, 
greatly prefer soft pitch to hard; hence the German tar-, 
distillers are compelled to m 4 k;e at most only moderatgly^ard 
pitch. During tjie winter months miyh soft jritch’is sent out ‘ 
to those works which require in summer a modjratrfy hard or 
evcq decidedly hard pitch. 

Where it is not possible to soften the pitch while itir'emaips 
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lifjuicT in-'tVie still,'or else in'the^pitch-cooler, by pumping in 
■oils, .the operation is, mi)re cSomplicateil. This occprs when 
+ard pitch has to' bc’^bftened by the^^yer to make it more 
suit^We for tlie manlVaA'^''^ parent fuel. For this purpose 
'special pitcff^'evlvlfyin^, 'appny(^tus have he'’n constructed. 
Such apfi^jr'tus! as Employed at the Blanzy coal-mines, is 
•described in -Payen’s'/’/r'r/.t dc- Cliimic industridle, 1878, ii,, 
•.919,35 follows^—In Fig. 131, .C is an upright boiler, 6 ft. in 
diamete^ 9 ft.' 2 in. high, holding about 320 cub. ft., and 
provided with a steahn-jaeket. -In the cen're revolves an end- 
.less screm, V, surrounded by an annular casing, which is heated 
by s^eam entering at/ and issuing at h into the outer jacket; 
t!^e condensation-water is discharged by r. At the bottom are 
'the annular gratings G G (made of perforated iron plate) for 
rcmining^large pieces, the pipe S for di.scharging the revivified 
|)itch, and a cleaning-hole (/), The boiler C is surmounted by 
• a wrougfit-iron chamber, D, of equal size, to receive the froth 
formed during the eperation. Here is a manhole, T, and a 
gland fsr the passiige of the screw, V. The work is carried on 
.in this way:—A certain quantity of tar, creosote oil, or the 
like, is let into the apparatus through the pipe k\' steam is 
atimitted till the heat rises to 150"; the .screw is made to 
. revolve; and the pitch which hs to be revivified is gradually 
charged through the manhole T. More tar and pitch are 
added until the boiler contains about 9 tctiis of materials. The 
plate P prevents the pitch thrown in at T from falling upon 
the screwf The, pitch i.s .soon melted, in the hot tar; the 
mixture passes throiujh the sieve G, is lifted by the screw V, 
and thrown ot>t jtgain on "the top. After eight hours all is 
melted and homogeneous; now the discharge-cock is opened 
5 nd the revivified pitch run into coolers, after which the 

• ft 

operation cgn be com'menced anew. 

The revivification can be effected by means of creo.sote oil, 
naphf^alene, or tar which is merely deprived of'the light oil 
*(=»asphalt, supra, p. 451). It .has, been found at, Blanzy that 
the creoSotaoil does not modify'the agglomerating'property of 
pitch, but merelyvenders’it more Vquid ; naphthalene increases 
the agglomerating property, but causes solidification at too 
low a temperature; best of all is tar deprived of light "oils, 
of whicl? 10 or 20 parts are taken for too of pitch. (Prob-' 
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ably fte .list tar'^oils,,deprived of anthracene, would be stiU 
.better.)’ * *' . T *. . * 

, VV!«J. 5pd A. MaldtniB. i’.' i22jo,,Sf’igo^; Fr. P.'387674) 
state'»that th^ imp.rcJvf'the' tenacfty and raise the softening 
poinf.of (tar'ftnff^.pitdli’ by the following treatment* They 
liquefy^the'ima^ferial fir.it^moderately, so as to prevent the 
pvaporation oi'bils, say to'jo” nr 6o", add to.it lo per cent,of 
rgangancse pei*oxi*de, with whicfi the liquid, substance is well 
ihixed, .tfceij 5 .'per cent, of .siifpliuric acyd of sp. gr. 1-84, 
and heat up to aUoi«L ily' C. ^ At this pojnt the temperature 
is maintained, until the evaporation is equ»I to about | per 
sent in the last fifteen minutes of*the treatment, whereupon the 
ifiass is allowed td cool. By this treatment the softening point 
5 ,s‘ raised'to such an extent th,at the disadvantages arising in 
thtuuse of briquettes made in the ordinary way (jp not occur. 

Applications of Pitch. 

Coal-tar pitc/I is ap^died for many indu.strial objects, parti)' in 
the solid state, anri.partly dissolved in oils (regenerated tar, tar 
varnishes, iron cement, etc.), on account of its reducing- 
propertics, its suitability fijr cementing substances ifl*tlie shape 
otf powder, of its insulating-properties for electricity, heat and 
moisture, etc, etc. As a redneiftg agent in chemical processes 
it is mostly too expensive, but it is used (as^hard pitch) in 
the rrfenufactui'O of ultramarine. 

The Mnunfaetnre of Patent IhicJ. {jiriquettes). 

The princijsjil q;nployinunt of coal-tar pitch is for mak'ing 
patent fuel (bnq'npttes) from • smalj, coal or cohp-breeze. A 
detailed description of this^induslry does not come within the 
.scope of this wor!<;*«L number of special treatises have been 
writte.n'upoh it, «s the French one by G. Franquoy (i860) and 
the C»»»*.ian ones by Gurlt {Die Bereitung der Steinkohlen- 
'briquettes, Braunschweig, iSSto), by Jiinemann {Die Piriquette- 
induUri^ Ifartlcben’s Verlag), arid'by Preissig {Dit Presskohlcn- 
Industrie, Freiberg, 1887^; and tjje technical cyclopaedias also 
contain m^ch ^nformatiqji upon this subject, of whjch we shall 
only give the outlines here. 

This** industry would appear to be due* to Ferrand and 
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Marsais, who in 1832 obtained a French, pafent for' ftmploying 
coal-tar for this- purj^ose. Marsais•f842' employed sofr 
pitch, arid in the same year.fguiaded^thd works at Birarti, near 
St Etienne. Har’d pitch Tvas used'^h't843 ifi* England by 
Wylam, and sincp 1854 in France. -The pafe'ntVtiel made* near* 
St Etienne was sold by the name of “ peras.'’ >' ^ 

, The manufacture of patent fuel is the mos't-natural outlet 
for the immense .quantities I of small coal f(.sl'ack, duffi etc) 
obtained at the nyijorit/ hf coal-pits, an^ sateatAe Only at a 
very low price, or sojnetimes uof, at a^ • 

For Germany we quote the production of the chief di.strict, 
that of Rhineland—Westphalia, as shown by the Dortmund 
producer’s union. * 
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According to Bock {Z.^iigrw. Chern., 1908, p. 2520), that district 
in 1907 produced 2,800,000 ton.s of patent fuel. 

■The total production of [jaten'l fuel in* Germany in 1909 
’./as 5,151,849 tons (value fo millions mark) ;* in 1910, 5,617,259 
tons (value 74^ million;^ mark). * • 

In France the production of patent Tuel in the year 1887 
amounted to l-2 to 15 million tons, and about the sapie up to 
1900. The production of the twq most*important French coal 
districts during more recent years has been (in tons):— . 

C * C- ' 

^ InlDOft. IrilMT. In 1908. 

Pas de Calais . . 412,4^1 ,'57.981 45&,547 1507,510 

Nord * . . . /59.638 58o,j52 ^ 40 , 75 o_ 83 ^. 3°7 

‘ Tosether . 972,129 938,333 ■,199297 1,3^9,817 
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In*BelgIum (actordjng to the Annuary of the Oberbergamt 
Dortmund) the pro(Juctio’if^as been:— ", 


r9Q2 

1903 

190/ 


57^800 
'i,^i6,y2o 
1 ,686,4*5 
i, 735 .'f 8 o 


1905 

1906 

1907 
190S 


Tons. 

7 1^920 
1,887,090 
2,040,670 
2,311,210 


^ England and Scotland produced ^already before the year 
1900 a-mTlli*i tbns patent fuel, of which 850, CXX) tons were 
exported, principally to? Italy, The production of recent 
years, according to Vnv/ithrhuch, p, 738, wls :— 


1905 

1906 


Tons. i 

1,604,649 i 1907 
1,373,220 . 1908 


Tons. 

1,600,000 
t,604,648 


Austrianungary, according to Kosmann, produced before 
,1890 about 50,000 tons per annum. The production of patent 
fuel in Hungary #Ion5,tvas 



• Tons. 


Tons. 

1904 

. . . 103,000 i 

1906 

152,000 

1905 

145,000 ] 

' *907 

. i-iSStOOO 

Spain (according to the same^source) produced ;— 


Tuns. 


Tons. 

1983 

322,97s 

1906 

• •• 311,328 

1904 

307,530 

1907 

• 355,718 

1905 

290,830 

• 



The 

• 

United States, produced 




S • 


Short tons. 


1907 • * *. 


66,524 


1908. 


90,358 


1909 • 

• . 

j 39,661 


^ 9 

Briquettes art; also manufactured in Russia, China, India, 
and oflWP countries. , 

* »The total production in Europe was estimated by Kosmann 
at aboutU). njillion tons; at the present time it amounts to at 
least 10 million tuns, corraspondinj to 750,000 tons of pitch. 

Schorr \Enff. and Mhn Ixxxix., 520) states Shat in the 
whole wqrld the production of patentTuel of all descriptions 
had risefl from 4J million tons in 1885 to afe million tons in 
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4909,111 the first'Hne by the rapid^extensibn of this,industry 
in Gerrpany. 

The raw niateriaJ for -the fmaitirefcturfr of bwquEttes rs 
usually .sm,all coal of non-caking q’glkiil'v,. but sometimss also 
coking-coal, from which the coarsjit .partiefes (f/om J to J-in.'). 
are removed by sifting, whereupop the itjma'nijiig snjall coal 
is purified and finely ground.^ It is the'n agglutinated in mast 
cases by coal-tar pitchy experience having* shown that oi«^ 
this cementing substance can be procured.pn sUfficienf quantity, 
at reasonable prices, and mosf sucSfssfSlly. It increases the’ 
heating-power oV the briquettes, and, r»oreover, protects them 
during a long time of storage from falling to piece.j, and ‘ 
from loss of quality and weight. Many patents have behn 
taken out for replacing coal-tar pitch for this object by 
the syrupy mass obtained by the evaporation of the waste 
liquor from the manufacture of wood phlp, but this mass 
has the drawback of containing a good deal of sulphur, aiid 
of being partly soluble in water, so thW the" briquettes made 
by it deteriorate when being stored in the open ?ir, as is 
usually the case. 

The 'quality of the pitch (!f also supra, p. 534) used for 
making briquettes is of great importance. “Hard pitch’’,is 
not suitable for this purpose? no more than soft pitch. Quite 
generally a middling hard pitch is used 'which, according to 
Spilker iKolicrei- uftd Tccr-prodnkU, p. 47), ought to have 
the following properties;— 

1. The percentage of ashes ought not t,o exoued O'5 per 

cent. . 

2. The softening-point should'not be belo^' 60 , nor above 

'' 75 ". 

3. From 70 to 75 per cent. of< the p^tch should be soluble 

in aniline and pyridine bases. '' , „ 

4. The residue from coking the pitch shduld not be above 

45 per cent. , 

Bernus (fWl. Soc. Chiui, Belg., 1911, pp. 7 cf seq.) has made 
an extensii'e investigation of the nature of coal-bar pitch with 
reference to its suitability 4 or the tnanufacture of briquettes. 
According to him pitej^ consists of Q) coaly substances which 
possess no agglutinating property, and which reraajq behind 
when treating the pitch with organic solvents. This so-called 
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'* free ^arljaii'" co'ntains carbon, hydrogen, and oxygen; it iij, 
prejudiaial in the minufaftfreo^ briquettes. (2) Agglutinating 
and plfUstic^ substancesjewffich .pre the active part of tile pitch 
in th^ raanufecturC; t TfiCy differ‘from-the coaly substance 
by tffeif soluMity»jn’ V^tbon disulphide and carbon'tetra¬ 
chloride. Aw oi^inary temfieratures they form a .solid, black 
ipass, with a sinning surface which softens ,on heating, and 
' alj iSd" forms -a gstrongly aggliltinative, tqugh liquid. On 
hfcating _i 4 tg 30'o" in contact with'iir, there is no increase 

• of weight, but it.s*piast»|ity is^ gradually Reduced, part of it 
being transformed in^o a black mass ins«'jluble in carbon 

• d^i.'iulpMde, another part, remllining unchanged. Bernus 
dictinguishes in The agglutinating and plastic constituents 
of pitch two groups; (tr) those which remain unchanged on 
heading upwards of 300“ during some time, ,retaining the 
solubility fn carbsn ’disulphide; of these there i.s, 7^ to 85 
,pflr cent, •present. This substance is a reddish-brown mass, 

passing over at ^5” ^*60" into a tough, viscous liquid, and 
consisting of a series of hydrocarbons which arc partly 
precipitated by picnic acid. They are the active agglutinant 
In the manufacture of briquettes, (i) The substai;p>.‘s, which 
on heating above 300 beefcme insoluble in carbon disulphide, 
forming from 15 to 35 per cgit. of the mass. These are 
•soluble in ether and acetone, and on evaporation of the solvent 
appear as a crystalline, sliining, black, powder, which, on 
heating, .swells’ up and becomes insoluble. They are “ un¬ 
saturated ” ^compounds, as their solution absorbs bromine. 
The proportion * between coaly and 'plastic substances is 
illustrated by *^10 Jollowing analysis of a Belgian and an 
English coal-tar *in^ch: 


Belgian J’flcli. 

Coaly substances . 4S’67 pef cent. 

Plastic «ubsttnces^ 

(a) saturated hydrocarbons . 43*13 »» 

(^) non-saturated hydroearbons^ ii’2o „ 


Knglish Pitch. 

27*98 per cent. 

5f>79 

16*84 5? 


The proportion of “plastic, substances" in ' ,the pitch 
determines the aiyount pitch 1^ be u.sed for agglutinating 
the coal. • . 

• * V • * 

The keeping-property of the briquertes depends, moretwer, 
on the amount of pressure and the speed of'the blows in the 



644 


PITCH 


moulding machine. If the pressure is to'o low,-the solidity 
of the briquettes is impaired., Bdt ff the* blaws are loo rapid, 
the air- present iri the' mixli^re !ha^ not enough tjlne fqr 
escaping, and a'number'of extreJiiel^ thin layers'of,-air is 
forme <5 which prevent the adhesion* of.^-hcteoaly pafticIeSj 
'Very dry coal naturally requires fnore agglutinatfng-substance 
than bituminous coal.' Dairtp coal is. less Afilable tfian co^l 
free from water. _ ' , • , ' ^ 

The selling price of^briquettes is usually'.the^saifie as tlfet 
of lump coal, soiAetimes higher. if-he)4*are mostly made in- 
prismatic forms,,sometimes in°the sliage of cylinders, balls, or 
the like, and e.specially of jjerfor^ed brick.s. The weight'pf- 
each brick is from 33 lb. down to l| oz. The .specific gravity 
ranges from i-ioto 1-40. • '' 

Good briquettes ought not to weigh above 22 lb., and shpuld 
possess thp crushing-strain of natural coals.. For this purpose 
they must contain at lea.st 5 per cent, of pitch if very strongly 
pressed, or 7 to 8 per cent, if made with lej^ pressure. They 
must not leave more than from (3-5 to'^75 per cent, of ashes 
if intended for locomotive u.sc, or 10 per cbnt. if for steamboat 
use. Their regular parallelepiped shape permits easy stowagfe 
in the bunkers. The loss in transit by disintegration is only 
1 or 2 per cent, against 30 to Jo per cent, in the case of coals. 
They ought not to fall to pieces in the fire. Good patent fuel 
has 10 per cent, more heating-power than good steam-coal; 
it make.s" much less dirt, and, if manufactured'with hard pitch, 
it produces less black smoke than most descriptions of coal. A 
very important adva.itage of patent fuel is'^ that the fireman 
knows exactly how many pieces h',' has to puj.into the furnace 
at certain (intervals in order to produce a certain effect, and 
that the foreman or manager can estimate whether this has 
been done by a single'^glancc at the brif^uettes stacked beside 
the furnace. i ‘ * 

Briquettes are mostly made with moderately soft«7»tch, but 
it should not be too soft. Briquettes made with hard gitch 
give less Ijlack smoke than the coal they are made of,,according 
to experiments made at ^ the Gqrman Imperial Wharf at 
Wilhelmahaven between 1874 and ,i88C. If hard pitch is to 
be cused for this purpose, it must be ground and the mixture 
brought to a higher temperature; the injurious action upon 
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the ejfes pf the wrkrpen. is’a gteat drawb'aek in this case. 
(Cf. supra, p. 364 _ 

, NoH-bi^pminous cotJ« aatiir^iriy ^requir.es a greater addition 
of pit’sli than ljitumin»u^*cba]. * ■ 

,• B'fiq\tette->fi 9 uldi^ig'Machines [presses ).—Some presses have 
closed a^id otiier^opcn inourds,.the latter either with direct or 
ipdtrect'action.'* In M'azeline’.s direct-action press, the steana- 
cyjinder piston on rising forces, bxMiieans of a onc-anncd lever, 
the pres5-«ar% fro'in below into the m'oulds, which are contained 
•in a circular platfdl-nn, revolving by means,of a ratchet. The 
finished briquettes are.forced out by the rami sliding along an 
’iijClincd plane. The ratchat arrangement is liable to frequent 
breakage. In the‘indirectly acting machine of Middleton and 
teStombay the pressure is caused by an angle-lever carried 
dovyi by a weight; the finished briquette is .forced out by 
another an^lc-lcves. tiere also the platform is turnod round by 
,a Tatchet arrangement. In the .similar machine of Hanrez, the 
lever eauses pres.'jure the same time from above and below, 
limited by a hydraulic ram; the forcing-out is effected by an 
inclined plane, the levolution of the platform by a ratchet. In 
Durand and Marsais’s machine 1[e.specially adapted fpr smaller 
work) the ram is pres.sed into tlie mould by an eccentric shea\e; 
afterwards by a similar sheave thsf closing-plate is removed and 
the briquette pushed out. Another similar machine has been 
constructed by Bietrix. 

In the ea.se of machines with open moulds, the piressure is 
obtained byj.he friction of the mass at the conical mouth of the 
press. Hence they re(^uire more power thSn those just described, 
but do more woijc; they arc»as yet employed exclusively with 
soft pitch.i 

• In Everard’s machine t^e tubular moulds are arranged 
radially in a circle, so*Uiat the eccentric Attached to the vertical 
working*shaTt can by turns force the rams in and out of the 
mould.sp^At every back,.stroke of the ram a fresh mass is forced 
hito,the mould, which by the forward stroke is pressed against 
• 

‘ The latter process is exayly analo^^us to that of piouldmg bricks— 
the machines^-hal wo?k for dry clay being constructed with closed moulds, 
those for wet clay with conicaf mouthpieces (d^es). Bu* it is*well known 
that the fc^rmer take much more power and have a much larger output than 
the latter. 'Is the opposite really the c^se with patent-fuel presses? 
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fhe old mass and 'forces this,'out 'of the pperl end of the fnould. 
A similar machine, hV Bourie^ permits^ th*e use of hard pitch 
also. Revollier’s and Ma^^fiWs m&;thines are iporlied by 
hydraulic pressure. ■ ' . • • '* • 

Of other patents for manufacturing ■jlatertf fuel‘we will; 
mention:—E. F. Treddar (Ger. rdoi/)^ I?-L^nk and 
W. H. Lehmani> (Ger. P. 15^89); G. Jt P. Cd'uffinhal (Ger. 
15339); M. Neirhaus and^ O. Henniges«(Ger. P. l'853^); 
S. Butler (B. P. 'Bowing (Ger. P.s. 5109® a*d.5870ft) 

goes back to tar. itself; also tliC Aktifen-Gesellschaft fiir- 
Teerprodukte (Ger. P. 63C48), Jenker. (Ger. P. 6tl66), and 
Bergmann (Ger. P. 101299).' G. S. and C. Cory (B. P. 777^,' 
1884) mix 7 part.s pitch with i part naphthalene. • 

Bornemisza and Kopal (Ger. P. 31644) make a kind of artificial 
fuel by mixing too parts of melted coal-far pitch with wood¬ 
cuttings on other vegetable refuse, allowing to coSl down on 
stone slabs, moulding into pieces 4x2 in., with a central ho?e,. 
coking these pieces, putting on an iron fed, wfthin a wire-gauge 
cylinder contained in an ordinary gas-retort, and pressing the 
product once more while still hot. Hutfemann and Spieker 
(Ger. P. 9^',827) make briquettes with a mixture of 3 or 4 per 
cent, pitch and 1 per cent, rosin. ,, 

Schnauder and Bergmann (Ger. P. 101299) mix finely ground, 
coal or coke with two or three times its weight of melted pitch. 
This mixture, moulded into blocks, is to be used like ordinary 
pitch in the manufacture of briquettes; it is asserted that it 
possesses the same binding powers, and does not so easily soften 
in warm weather. 

The employment of coke-broeze for the.manufacture of 
patent fuel ds strongly recommended in the J. Gas Lighting, 
1909, pp. 82 et seq., and in Herring’s booklet. The Design, Con¬ 
struction, and Equipihent of the Grmiion Gas-works, where 
the manufacture of ver)' small egg-shaped britjuettes, weighing 
only 4 oz. each, and specially intended for domestflf'^Jlres, is 
de.scribed. , ' 

Sonnenfchein and Kohlei (Ger. P. 221072) .surround the 
briquettes with paper soakad with la solution of water-glass, 
ammonium sulphate, bprax, or alum, to render if less com¬ 
bustible, in order to prevent the briquettes from bufning too 
quickly -and fallifig to powder.. 
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manu>a(Jtube of briquettes 

• * ' 

Connng’(Ger. P. lOSl^^j) makes briquettes by heating 1879 
parts p-ound coal to 450°, 80 <parts. pitch to'160°, intimately 
Hiixin^thSm togcther^\ti^ing‘niilk^f lime made from 50 parts 
lime, and working it.all up'in a press. ' 

Schondelin^ 'KKgev.'. ’Qkern., 1906, p. 348) reports on the 
employinent'^f.H^rthemi'aij lignite for the manufacture of 
briquettes. • * ‘ ^ 

■ Plate & I,ieb (6er. P. j6429i),prescribc the use of zvet coal 
(not belcftv i« per c^nt. water) and sub.sequjnt heating of the 
■briquettes to 100" t'.jnvhlTh cayses the pitgh to be very finely 
divided by the steam, and therefore permits reducing the 
' afnoupf of pitch to only 3 •])er cent. 

• Pauline Grayson has obtained a German patent (No. 163367) 
for a very remarkable mixture: 6 per cent, gypsum, 16 lime 
or •ementj^ao water,. !2 mineral oil, 6 pitch or rosin, which 
leaves only 32 per Cent, for coal! 

• ■ H. .S. ^^obert.son (B. P. 20281, 1906) for the manufacture of 
artificial fuel, mites »»’tarry. substance with hydrocarbon oil, 
removes .the precipitated .solid matter, and employs the fluid 
as a solvent for resinous matter, with or without the addition of 
tar and common .salt. ^ 

Schmetz & Schramm (Ger. P, 141344) make briquettes with 
smaller percentage of pitch tlwn is otherwise required, by 
melting hard pitch with 60 per cent, of coal powder, passed 
through a sieve with from 50 to 250 rntshes per superficial 
centimetre. Of such coal, up to 60 per cent, can be incorporated 
with the pitih. ^ 

Epp (Fr. P. 47013|)) heats clay and .sawdust in a .stcam- 
> heated mixer, lidc^s coal-tar*and |>reviously boiled pine-resin, 
then nitric and sulpiiuric acid, mo*uld»: the cooled mixture, and 
exposes it to the atmosphere for one or two day.s. An 
alternative pi^ocess conststs in using clinker or ashes with finely 
divided pitch, tar,'and sulphuric acid. 

Behrti)/. OasbclcHcht, 1915, pp. i ro-i 13) describes in detail 
tfie manufacture of briquettes i^'om ijoke dust. 

J. Arrftijtvmg (B. F. 1188, 1914) describes an automatic 
moulding apparatus for briquettes. « 
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Testing the Quality o^- Briquettes. 

The’tests usuall> made at " the mt,eht-fuel works are very 
uncertain. The makers try the hot bri\;iieites, as they come-from 
the preiis, for their resistance by hand.bf by cJrop.prng tharn'Crom 
a height of 6 or 9 ft. on to a stone floor. Tliis is deceptive;' 
briquettes made with pitch of 50“ Or 55,''' softSnhjg pofnt thus 
seem to be less rc.sistant at 75" than thosej^made with ha'rddf 
pitch (70” to 75' .softening point); but in the ee/tl ti^ie former 
are really harder tnan the latter. influenced 

by the amount of,,pressurc and ihe violence of the blow. 

Le Ray [Chew. Centr.^ 1900, ii., 129S) estimate.s the quantity-of 
pitch contained in the briquettes (which should be about*8 pf.r 
cent,) by grinding up a sample with five to ten times fts weigl’p. 
of coar.se sand, and treating in a Soxhlet extractor with a 
mixture of equal parts of petroleum spirit and diuulphicfe of 
carbon. 

J. 1 C. Mills [Oil, I’aiut, anil Drug Keporter, 1908, 17th to 
27th July; /. SiH. Chew, lud., 1908,'p. 8r!7) describes the 
experiments carried out at the United States Govcrnhient fuel 
testing ojfice at St Louis fur /letermining the relative values 
of the various binding agents for briquettes, among which, of 
course, tars and pitches from coal hold a prominent place. ' 

This subject is treated in detail by Constam and Rougcot 
in Gliickaufy 1906, pj). 406 et scq. 

The Zesting of the fitch intended for making briquettes will 
be described at the close of this chapter. 

Varnishes made with Pitch ;^Refincdf prepared) Tar. 

A very l-ational employment of coal-tar..pitch is for making 
varnishes, for iron especially, but<also for wood, etc,—of course 
all of them black. Xhey are made iiT' a very simple way, by 
melting pitch with various products of tar-disthllation, and hence 
require no admixture of any foreign matter. Nd^lant is 
necessary but an open pan set in a covered place, so as to be 
heated from without; but it Is certainly preferable to> employ a 
closed pan witn a mcchaniial agitator. Tin; melting-pan may 
be made'either of casi:- or wrought^iron ; but it is best made 
of Sihe latter, because then no cracking (very dangerous in this 
case!) can occur. It may be an upright cylinder with convex 
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bottoffl, or'a horizontal boil*. Eor working on a large seal*, 
a mixiBg-apparatus*Uke that represented, in Fig. 131, p. 538, is 
preferable;# 

Ifk this pan the.whqle'quantity pitth to be worksd up is 
tnelt^d'along*\lith’a'likle- of the oil to be employed, which 
promotes ti»(^mj;lting of ^Se .pitch and prevents its speedy 
jolidific'ation. .'Stil! the temperature will rise pretty high before 
a,y the pitch is inoitcd, and it is b^st to let it.cool down a little, 
lest the,«ls iiow’added should be rai.sed to ihe boiling-point, 

■ which will, of coufsc, m;pt re^adily happqp with light oil or 
naphtha. But the coohng must never be alfowed to go so far 
that .s6me part of the raass begins to solidify. Now the 
remainder of the' oil i.s added very gradually, stirring each 
portion completely into the mass. I'rom time to time a sample 
is t*ken out and cooled, to see whether the projicr consistency 
has been ifttained.* • 

. * The commonest kind of varnish is made in the manner just 
de.scribed, frpm gitchi^nd c,reosote oii. In this ca.se even a 
simpler process ma^ be followed. The tar is di.stiiled (if need 
be, in a separate small still) till the light oil has passed and 
'heavy oil begin.s to pass, or till till the “ middle oil” has passed 
over, say up to 240'. T^e (ire is now drawn out, the still 
aflowed to coot down a little,.and the rc.sidue (“asphalt”) 
diluted within the still itself with the nccc.ssary quantity of 
creosstc oil, .say .f of the weight nf the pfcch, after ’*’hich it is 
run off in the Ifquid state. Or else the dfstillation is carried on 
to hard pit^ih, in order to obtain the anthracene; the heavy oil, 
freed from anthracene and, if pos.sible, from naphthalene, is run 
in till ^he nc^assar^- degre». of thinness is attained; and the 
mass is well mixed. We have *de*cribed this process above,, 
pp. 469 ur as it is carried out within the stills themselves; 
but sometimes the creosote oil is mixed with the hard pitch in 
the pitcB-cooler, S pipe conducting it from a store tank into the 
fluid fAich within the .cooler, ’fhe varnish thus obtained, in 
linglaud called refined tar, in Germany known as firepared tar 
or artificial^Siocklwhn tar, is lets valuable to the tar-distiiler 
than raw tar, sirjee the «nore v»luab!e components—benzol, 
phenol,anthracene,and partlynaphthaltyie—havg bee« removed; 
on the other hand, it is much more vafcable than raw ta^ for 
many pihrposes—as a paint, for the manufacture of roofing-felt. 
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or roperies, etc. ' It penetr^ltes much more quickf/and deeply 
nto wood, stone,-etc., than raw qr even' boiled coal-tar, and dries 
nuch more quickly, evpn rhojQ so-than -^'ood-tar (rcaiStockholm 
;ar). ppr making- dust-frA roads it'i^'al?o mnch better' than 
■aw tar, c/. pp. 361 (’/ sfq. It is greatly fabb rSAmmehJed fot 
dkaii and other chemical work.s, for paintkig*anji^'oo^-, iron-, 
)r stone-work needing protection against aciSs, chlorine, .etf. 
5uch prepared tar is especially very much *0 "be prefefred,to 
)oiled tar for painting iron'(wherc raw tar, owing tc^its«.;nmonia, 
s quite inadmissibl,e), as it dries bo(*i mjfcll more quickly and- 
vithout leaving tracks, and forms a good, shining coat. The 
Irying take.s from twelve to twentyrfour hours, according to the ' 
veathcr. A.s this sort of varnish forms a pretty thick coat, it'is 
jnly applicable to coarse ironwork, but is excellent for this. ‘ " 

Most of tjte “refined tar” is used in'the manufactui^; of 
•oofing-felt, a great deal also for the manutacture f?f the basic 
ining of the converters in the Thomas-Giichrist stetl-makiiig, 
Droces.s. 

Disputes concerning the quality of “refined tar" have made 
t desirable to possess tiicthods for tes/iug ihc quality of that 
iubstancf., in a proper manntr. Such methods have been 
worked out by myself (Lunge, Z. 'ai/gno. Chein., 1894, p. 44^), 
ind have been found to be very useful in practice. They 
tomprise the following operations;— 

1. Ks^imation aUfecific gravity, as described on p. 52P. 

3. Estimation of viscosity (yide supra, p. 526)'.—The ordinary 
instruments for this purpose, based on measuringthe velocity 
of issue from a small* orifice, cannot be employed in this case, 
IS the apparatus would be too dithsult to clqan. ."The instrument 
described hriow, based oij, the Velocity of .(rn'mersion, obviates 
this difficulty and, although ngt scientifically accurate, is 
altogether sufficiently*so for practical purposes. 

Lunge’s “tar-tester,” as .shown in Fig. 13*3, Somewhat 
resembles a hydrometer, but is made,of very .strong^^lass, in 
order to allow its being easily cleaned. For the same re^soh, 
but chiefl,v' for the purpose, of a more uniform velocity of 
immersion, the lower pai^t is made without the ordinary 
contractiqji and bulb, of cylindricaU-shape with a ‘semicircular 
end. The following dimensions have been found to answer 
the purpose;—Length of lowjr parts, inclusive of the upper 
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and lower^ends, ibo mpi., outside diameter 20 mm. Length o,f 
upper part 225 mfti., outside diameter '$ mm. Beginning of 
scale nTfn. above the'eemical end. of the'lower part. ' Length 
of scale 190 ^m. ."rti? lower poiht of the scale marks the 
Specific gravif/ the top of the scale 1-050. The point 

1-250 ij Histo ^ mm. aboVe the end of the conical portion. 
Weight 39 g., \vfth a margin of ± 0-5 grm. 

, The mai Ipulaiion of the tar-tistcr is as follows The tar is 
poured ii»to a glass cjdinder which, after immersion of the tester, 
must be as nearly 5 s.,,po.s^ible full, to facilitate the n 'i' 
observations. The tar is stirred with a wire-bent | 

at the'bottom into a ring, and *its temperature j j 

determined to o'*-5 C. The observations should j j 

be made at 15° C., and the cylinder must be _ i j 
broiight to this te'mperature by placing ft in i j 

water-batfr, with fsequent stirring. The tar-tester ,uM-i j 
is* now suspended above the cylinder, preferably v ? 

by means of a jspryj^'-nlamp. It is immersed " | i 

exactly to point 1-250, taken out and allowed to . ■ i 

drain for three minutes, suspended as above. | | 

'Only then the proper observations begin. A ,!f"" i | 

seconds-watch is taken in one hand, the tester in i 

the other, so that its bottom ,just touches the J K.j. 
surface of the tar, and when a full minute is j 

reachfd the tester is allowed to drop. It will At ^ i 

first fall very ‘quickly, until the wider part is g 

reached, afterwards but slowly. If it assumes a ; 

slanting position and touches the sidt of the 
cylinder, it rrfU.st Ije' righted by a gentle push. ’ 

Directly the point; 1-250 has'beeit reached, the. Fig. 132. 
number of seconds is read ^in the watch, the tester is taken 
out and is allowed to .drain for two of three minutes before 
making'the'next observation. Three or four, or even more. 


tests rfta.it be made, an^ they should not differ by more than 
fwq or three .seconds. 

Of caurs^ the specific gravity of the tar can £5 taken by 
means of the samj instrunjent; buf for estimating the viscosity 
the point I-250 should be observed, because the l^t sinking 
takes place much too slowly. "• • 

Apparatus for estimating the viscosity 'of tar and tar 
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yarnishes is also described in the Gsr. ,P. 244098,' t>f Dr Paul 
Meyer Aktien-Gesell^ihaft, of Berlin, and ifi the B. P. 22042, of 
1911, of'J. Hutchinson. 

3. Estimation of-the vhiatilc conmtumti. —Tins cannot very 
well be performed by an ordinary diitillarfbn.* “The following 
method seems rather more complicated, but is^eci^ledl}^ prefer¬ 
able, as it yields-uniform re.sults, as' 1 have a.-ftertained. .One 
hundred grams of the tar is distilled from aiubuJated retort^f 
refractory glass, protected by asbestos paper., uetil •a .certain 
quantity of liquid‘has passed over ^to ^ graduated cylinder.- 
The specific gravity of this distillate is ascertained, as well 
as that of the pitch remaining in the retort (after allowin,g this ' 
to cool and breaking it) and the softening point of the latter, as 
described later on. If the first experiment does not yield propdr 
pitch of mediqm hfirdness, a second and, in ca.se of need, a tiiird 
experiment, with more or less distillate, m'ust bo made. 

In buying and selling refined tar, distinct conditiejns should, 
be stated for the specific gravity, vl.j,cosity, and minimum 
quantity of distillate. The last and mo.st troublesome test can 
usually be omitted, as the two former will suffice for most 
purposes.,. We cannot liere tjuote special figures, since for 
various purposes different conditions will be required. 

Church (/. Ind. Et/g., Chein., 1911, p. 229) teks 
“ prepared ” and “ distilled ” tar, intended for road-making, 
painting and dust-preventing, for its specific gravity, its contents 
of “ free carbon ” (as described pp. 308 and 523), and its 

viscosity. This he estimates in the case of thin ta^-s by means 
of Engler’s vi-scosimetbr (employing 60 c.c. of tar at 6o°X in that 
of thick tars, up to soft pitch, by means of Iscfiutte’i penetrometer, 
the bolt of. which shoulfi fer' this purpose have a diameter 
of I in. and a length of i in... The distillation of the tar 
he carries out exactly- as prescribed is'the case of creosote 
oil (vt'de infrn at “impregnating-oil”) by the standard-method 
of the “creosoter.” Cf. also what is stated for roa^tarring, 
pp. 361 ct seq. " , 

Examination of tar-varnishes for their quality as protectors of 
iron against rusting {Voider, J. Gasbeieucht., 1912, p. 19).—Pieces 
of sheet-irpn, about 0-5 mm. thick, 10 30 mm., scouted clean on 
one.side, are painted with the tar-varnish on both sides. This 
paint should be laid on easily and should not dry in -the brush 
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while bein,g-Used';'the^drping-time should last at least two. 
or three "hours. Wh.en the first coat of varnish has dried, a 
second"£oa^ is laid on.-- .After.I^ing'for three or four"days, a 
trial i| made tif the of th'e varnish; by bending the 

sheets in many <ireatidns*,;"this should not cause the varnish to 
be cracked tCT- break off. For testing the rust-protecting 
a seco^fthsheet,.painted as just de.scrihed, is su.spended 
for about a month jn vessels contiUning anim.oniacal gas-liquor 
or other ^id^r alkaline liquids with-rfhich the painted plates 
.may come into contact; tl^is ought not to produce any blistering 
of the paint. Now the paint is carefully taken off with the aid 
..of^benz©!, and the clean shept is (.-xamined for any rust spots, 
hv order to establish the injurious presence of an)- ammonia 
(which would indicate an admi.xtiire of raw tar), a few cubic 
centjmetres of the varnish are heated in a tek-tulte, and a strip 
of moistened red litmiis paper is held over the tube ;J;his paper 
..shpuld not. turn blue. 

A better kind of vitrntsli is obtained by melting pitch with 
light oil in the above-described manner. For this purpose not 
the light oil distilled' from the tar, but the last fraction from the 
light-oil still, or the oil taken atray from the carbolaU of soda 
{cf. Chapter IX.), is employed, which is deprived of its more 
valuable components. For too p^rts of moderately hard pitch 
about 6o parts of light oil may be calculated. This varni.sh 
gives ^ more lustrous and smooth surface Shan the fo;-mer, and 
leaves a much thinner coat. Its drying-time varies from four 
to six hours^: and it can be employed for finer ironwork. 

Lastly, more quickly-drying and thiriner varnishe.s can be 
I obtained in all g.radatidns, by p-uhstituting naphtha for part of the 
light oil, either thfe commonest burfting-naphtha being employed, 
or else some made on purposp by carrying on the rectification 
of benzol by steam beyond the usual tenhination. The rule is, 
first to wtDrk'up all the light oil with the pitch,- and then to add 
the napi.^'^ha, keeping the mixture as hot as is consistent with 
"tile volatility of the naphtha. 'Besides, very thorough and long- 
continued, stirring is necessary, s(nce naphtha is not so easily 
incorporated with the varni,sh as th(\,heavier oils,«nd the varnish 
would otherwise be very likely to separate into a blapk deposit 
with naphtha floating on the top. It is' po.ssible by mean* of 
very corritnon naphtha to make varnishes that' dry in an hour. 



55i 


PITCH 


or even in a quarter of an hour,’which,can be employed lor any 
kind of hardware in Which blaqkness is of. ho consequence. 

Alf’three kind.s'of varnish'.adhere firmly to ir^, and aft^r 
drying exhibit a'con.siderSble dcgrtS ollhardnos'Ii, togctljpr with 
glossy lustre and smoothness, and m'ohe’o/"the letter in the case 
of the better descriptions. 

, A patent of JVIarchisis an'd Stevcns'(23rd 6!Spt. l8yo) see^is 
to improve such yarnishes by heating with Irleaching-poWdef or 
a .solution of common salt and washing with ■copf)cr;»s solution. 
Whether this does^any good we cannot t^lh 

Chaumont’ makes a varni.s}i for wood and metals by dissolv¬ 
ing 300 parts of coal-tar a.sphalt ip 100 carbon disulphide. '.Irr 
lieu of such asphalt, natural bitumen or rosih maybe employed. 
The materials are brought together in a closed vessel, to prevent 
the evaporation ol the carbon disulphide. ' In twelve to twenty- 
four hourji the varnish (the smell of wh’ich will hardly recom¬ 
mend it) is ready for use. - • , 

Watson Smith (priv. comm.) reconfpjend^ as a good varnish 
for tarpaulins one obtained by melting wood-tar pitch with the 
same weight of coal-tar cresote oil, freed'as much as possible 
from najihthalene ; also as .a good metal-varnish one obtained 
by melting 6 lb. of dark rosin with' a pint of boiled linseed oil 
and a gallon of creosote oil, to be mixed, for finer work, witfi a 
little gum and any kind of colouring-matter. 

E. Hpuss^r (Ge». 1 ’. 24231) extracts pitch with warpi light 
tar-oil or benzoline. A solution is formed wliich, on evapora¬ 
tion, leaves a mass re.sembling native asphaltum. ,The residue 
left after extraction' forms a black paint of great covering- 
power. 

Roth (Ger. P. 152758),prffpares a protecting compound from 
33 parts heavy oil, 20 parts Ught oil, 47 parts pitch and 
aluminium oleate, which is sold by th»*name of “ inertol,” and 
is specially recommended for protecting iron'and cemhnt under 
water, such as in brick-tanks for drinkipg-water. 

A German patent (86345) was obtained by the Aktien-GfseK- 
schaft fiir.l'eer- und Erdol-Industrie for an asphalt sompound, 
to serve as a'protection of wrougbt-iron cyater-pipes against 
corrosion. It is sold )3y the name»“ Cumanollact.” 

♦ According to G. fvraemcr (priv. comm.), a good ^varnish is 
' ^ IVa^ncf^s Jahrfsber.i 1865, p. 686. 
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obtained from oil-gas, tar-J)itch (which 'contains but a few per, 
cent, of free carbon),’beavy Benzol, and sm’all quantities of crude 
cjrbolitiacit^ 

Thj Aktiefi-GeselLscha'ft fiir As'phaltieruhg und Dachbe- 
dcckuhg vorrd.Jok.^ • JS,s6rich manufactures a varnish for 
painlingj ironivspedally valuable by its permeability, by fusing 
oil-gas tar witf^v-oudron and brim'stone, which .is sold with the 
designation “ siderosthen.” , 

Nothlirg (t^cep, Der Asphalt, Leipzi,sJ, 1S99, p. 253) dissolves 
24 parts coal-tar pitc'h,'n 3^'parts benzol on the water-bath,and 
allows the solution to settle at 15° to 20".' To the liquid, 
separated from the deposit, he add’s a solution of 2 parts clemi 
ro.sin and i part cdpaiva balm in benzol, and, if needed, some 
bei’izol, until the mixture is of the proper quality for painting. 
Ten parts of dehydrattd tar arc boiled, and 2 pa’rts of,graphite and 
I part of rc’cl lead added ; the mixture i.s heated to boiling, and 
J:o 5 t are added 1 part flowers of sulphur and 2 parts ignited 
powdered pumice ston^. 

The C/iemisr/ie Fabrik Gross-Weysandt (Ger. 1 ’. 122688) 
treats oil-gas tar with chloride of sulphur (SoClJ and dis.solves 
the product in appropriate solvcid.s. 

The pure bitumen of pitch, freed from fixed carbon, as it i.s 
obfained by extraction [paidc infvif) is an excellent material for 
the preparation of superior tar varnishes. 


Asphalt, Asphalt-paper, Roofivg-felt, etc. 

d 

The term “ asphalt ” was formerly restricted to what is now 
• called “natural asph?It” or V bitumen,” of which in 1901 the 
United States produced 63,134 s'hoft tons, and Sicily exported in 
the same year 62,770 tons. This substance is principally used for 
street-paving in various forms, and cannot for this purpose be 
entirely replaced 'by the product from coal-tar, to which the 
name 0?-"asphalt” is al.io given. A very instructive series of 
'^apqfs on natural asphalt is found in the Chem. Trade J, 1902, 
xxxi., pp. 484, 207, 228, 252 ; and in Baumaterialienkunde, 1906, 
xi., p, 12 (by Malettkovic). uln this book, of course, we use the 
word “asphdlt” as denoting a product otitained from «oal-tar. 

Marcusson and Eickmann, in the Chdm. Zeit., 1908, No. ^o, 
discuss tfte processes for distinguishing natural a.sphalt from 
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the products made from'tar,-pejcoifum, etc.; these always 
contain paraffin, which is absent in nktura^ asphalt. ' % 

Professor Holde demand.s ,i;hat the expression “asphalt ” 
should be restricted- to suCh naturaf asphalts which 'are»'almost 
entirely soluble in benzol and conthjn ffom to lo p6’r cent, 
of sulphur, as employed for buifding pivrpc 5 ses;/or j^eserving 
piaterials against humidit5’, for maklng*'^arnishes,, etc. 
Materials obtaiited artificiaMy in the di.s*illation of coal-tar, 
petroleum, etc., and uked as .surrogates foi; njtuml asphalt, 
ought always to be denoted in .sucl^ ma’jrft.'r that no confusion 
with natural asplialt can take place. 

Asphalt, both that obtained directly in the distiHatioh, cfi 
coal-tar and that made by mixing pitch ivith heavy oils and 
with solid substances, is useful for many purpose.s. II:'is 
employed fpj; kebping the sub.soil moisttire from metal gripes, 
iron tank,s, etc., sunk in the ground. 'For this 'purpose the 
semi-liquid mass is mixed with sand, ashes, etc, into a lufnpj' 
paste, of which a thickness of 4 or in. is employed, We 
shall quote particulars of such mixtures below. 

Such asphalt, made direct from tar, is hot so frequently used 
now as ; ^^ut similarvnixtures arc artificially made, by 

driving off all the creosote and knthracenc oil, and pumping 
back the heavy oils, meanwitile freed from their more valuable 
components, as phenol and anthracene, till the desired con¬ 
sistency^ of Vhe rtr-iduc has been attained. In this,way is 
obtained not merely soft pitch, but also a'sphalt, and, with 
greater dilution, even “refined tar’’ or “artificial .Stockholm 
tar” (p. 549) which* is largelv employed in the manufacture 
of roofing-felt (see below')- < , , ‘ 

The epiployment of pitcli br asphalt sti-cet-paving is tc 
be recommended in many re.spqcts. When used as a cement 
for joining the paving-stones, it inakc.s,t?ne ground impermeable 
to the impurities from below and does not permit tile passage 
of noxious effluvia. Tar-pitch is also used as a Aheci^u/bstituti 
for natural asphalt, but only in'eombination ivdth the latter, hi 
asphalting footpaths and ‘fqf insulating foundation.walls from 
the ground-moisture. Thf mixtuie is mqlted in pans in the 
usual w^v; sand,brick-dust, ashes,ahalk, and the like are added 
til' the mass fias become thick enough (for which purpose about 
the same weight of pitch w'jll be necessary); the whole is 
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well mixed" preferably by itTrinding. in a pug-mill, and used 
hot. FpV footpaths the pitch is ground up with an equal weight 
of* sand/or‘stony matcrial^imelted .in, a pan, and, before being 
laid dofifn, is naixcd with.aji equal quantity of gravel; so that 
tthc finished pavement ccmtains about 30 per cent, of pitch. 
-Hut it is»not ^^^dvi,sab 1 c to employ coal-tar pitch alone, without 
any natural bituihen ; the latter is much more intimately com- 
binsd with the earthy matters tlpin the fosmer can be. A 
•mixture iorttheftwo is s/ery suitable, and is cheaper than natural 
a'sphalt alone. In a siuiilarilvvay, moulded blocks are made from 
pitch and ground rock. ^ 

’ •.'\t^ome Scotch tar-work.v the pitch is run dircctl)' from the 
■ tar:^still into a pug-mill, where it is intimately mixed with sand, 
.sometime-s also with chalk. From this mill the mixture, w'hile 
still liquid, is run off into sand moulds to .solidify. During 
the whole process, until the mixture bccoities ciiol, offen-sive 
Tapours are given off; the pug-mill or mixing-pan ought 
therefore to bo coycrcd.with a hood, and the vapours carried 
aw'ay into a chimncy-slack by inean.s of a pipe, 'i'he space 
between the edge of the hood and the mill or pan .should be 
enclosed by sacking which am Be opened at certain places as 
requisite for manipulation. (Ur Hallard.) 

, Gobin (B. 1 ’. 1865, of 1878) nielt.s 15 parts of bituminous 
shale with 35 parts of coal-tar pitch in a pan, till the 
froth which at first arises ha.s subsided. ‘'Then he .adds to 
parts of coke and 130 of limestone, both crushed, well mixed, 
and dehydrated by heating above too’. Before cooling, he adds 
another 160 parts of gravel, well dried by heat. For street- 
•pavcrneiits he irrerei'ses the quantity of gravel up to 190 
parts, moulds the mass into blocks a{ about 8x6 X'4 in., and 
lays these, like ordinary paving-stone.s, on a bed of gravel or 
sand. 

Daguzaii (Geh 1 ’. 4999) mixes tar, first completely dehy¬ 
drated 1^- heat (probably he means “asphalt ”), with previously 
^alaiiicd,” finely ground limestone,or marble (quiqklime ?), 5 
per cent, yixkde of iron, potassium silicate, calcium •sulphate, 
etc. 

E. G. Williams (H. P. i'3S95, 1890) prepares ^phalt, resist¬ 
ing acids„and oils, by mixing sand with pitch, freed fr*m 
creosote ofl. 
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G. F. Sidney (B. P. 15316, i'S9|)_heats tar or pitch during 
two to. four hours t9.3So', till tjie sp. gr. l-26i has been'r.eached, 
and then mixes it with ground <?chi.‘^.’o^ ashes. 

TJje “ Doerrite,’’'described supra,.p, ^(>4, mi^ht be maitioned 
in this connection as well. By the^iame ’of’‘‘Bithulic pavement.” 
a composition is sold in Great Britjin by tiie«N j^fliern«Quarrite 
Co., in America'by Warren Bros., in German)^by the Deutsche 
Quarrit und Bithulithic Piaster Gesell.sch^ft,' which is manu¬ 
factured by erapIo)’ing pitch as cementing agen^ anS has been 
extensively used. .The exact (;omp®itioVi of this article has not 
been published. ' Differing f^om tar macadam, it is prepared on 
the spot where it is used, bccau.se tin transit it would coal dchvn 
and become unvvorhablc. The roads made from it are fit.‘for 
heavy traffic, as reported by Powell in 1905 {J. Gas Lis'/ithtg, No. 
2207, p. 554).*.. The apparatus costs ,^400. . For a dail^ prodiJetion 
of 31 tons of this mixture there is required 25 cwt. coal-tiy, 4 
cwt. tar-pitch, 5 cwt. coke, and 4 .S. total cost per ton of gravel; 
inclusive of capital interest and arno»- 4 ,isaVon. Roads which 
formerly had to be repaired every third y.ear now last seven or 
eight years, and are entirely free from dust and mud. Similar 
favouraWe results are reporteef frorji Germany. In France this 
process is carried out by the Societe Gencrale dc goudronuage 
des routes, 17 rue de Bourgogne, Paris. 

The best tar pavement, aceording to communications from 
Mr S. Bi Boulton, Tte made with refined tar (p, 549), or ht least 
with thin tar-asphalt, in this way:—There is fir.st a thin layer of 
concrete made, upon which is spread a in,ixturi? of tar with 
washed gravel free from loam. The gravel is thrown into a pan 
filled with hot tar ; when thorougfily soaked, it is spread on the ' 
, concrete afid rammed c>own. After cooKng, a top layer is 
formed, made of dry spnd, hot tai^ and a,little pitch, in order to 
fill up the interstices between the gravtl and pro4uce a smooth 
surface. According to H. Rileymacadamized roads are made 
in England as follows:—The pateriti consists of stags and 
cinders frop blast-furnaces pid iron-mills, Yorkshire .sandstone, 
Derbyshire limestone, and Leicestershire granite. .It'is crushed 
like road-metal and dried* in furnttces or tivens. The tarry 
mixture varies in different localities.* Some employ gas-tar and 
pitth, boiled tt^ethe'r; others prefer a mixture oS, tar and 
’ Quoted by jahn, iCeitsch. f. Transi>ori 7 vesen^ 1808, p. ^20. 
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creosote oil-. ‘ The proportic^s cliffer.acco'rcling'to the quality of 
the tar._' *• , 

• On the lluilding of jf)a|ada-mizcd roads, using coal-far and 
pitch a'» cement In Eiigfan^,'JIcnry I?ilcy iftake.s the following 
.statements:—'l*h^ r':fw'mftterial consist.s of scoria and fluxes 
from blaut-furt^ace^ jnd iroi^-work.--, sandstone, limc.stone, and 
gr-H.nite. These.fliaterials are broken up into pebbles, and the. 
moisture is driveh c^f by heating and the material used in this 
•state. Th% substftncc.s used for cementing the pebble differ a 
good deal. Very muc!»ii.scji is a,ini.xture of nitch and gas-tar, 
boiled down to a certain consistency’; soractimbs creosote oil is 
f)rofcrrjd to the tar. The )*itch .sliould be hard, but not too 
brifde; the tar should be free from water, and preferably kept 
fuf some time. The proportion of tar and pilch must be varied 
according to the specific gravity and other fwopcrtics of 
the tar. ' • 

• At Gaiifsborough the ijropurtions employed are to each ton 
of ballast 13 gall.yif t#r ami 26 lb. of pilch. The ballast, 
dried on hot plate.s, is put into conical hcap.s, the tarry mixture 
i.sj)oured on and is worked through until each stone is thoroughly 
Covered. It is preferable to leavc*thc mixture lying for a month 
or two, covered up, to give time for the tar to soak into the 
porous stone.s. A 4-in. layer of tids is placed on the founda¬ 
tion and rolled down by a steam-roller; and a covering layer, 
r in. tlWck, i.s made of liard material, brok#n quife small and 
treated exactly lilre the former. At last the whole surface is 
sprinkled witi lime.stone- or cinder-dust, and the .street is 
blocked again.st traffic Jor about a week. This work should 

^lot be done cfuring.the wifitcr months: the warmer the 
weather the more durable is this favtnicnt, which cu.sts about 
8s. 6d. per ton, and which •is extensively used in Great 
, brilain. 

Thenius (Tcclinhiiic J 'crwcitdniig di’s SiciiikoUeniccrs, pp. 117 
pfoposes mixing.soft pitch with 10 per cent, of rosin 

wliich is to make it more like natural asphalt, or yith 50 to 
bo per cent qf' cruslicd limestone,* This mixture i.s moulded 
into blocks, and is, v»ith the «dditioid of 25 per ceht. of ground 
gravel or basalt, cast intt) mosaic pUtes for, pauements, 
tables, etc.^ * 

flar-aspfialt can be considerably improved by the addition 
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of brimstone. A. Winkler’ aJdsJto coal-tar asphalt (in the 
sense of the term acfopted in^ this chapter) 5 per cent.'of brim¬ 
stone fn small quantities, heating Jhe'.mixture^ e'Jery "time till 
no mjre sulphuretted hyefrogen is '5’ivdl; off. "Probablj^jn the 
heating, the sulphur decomposes <he • tomponents .rich m 
hydrogen, and thus renders .the.rCsidue, Iftss^ftsiblt. Thus 
75 per cent, of the tar is obtained as good a.sphalt, which dees 
not soften in boiling watq". A further [froposal of his <iocs 
not seem praeticable, viz.', to add 20 i)er.,ccnt. of brTmstone to 
the tar before distjllation; it if saidIthaPin this case only water 
and sulphuretted hydiogen e.scape during the heating, and good 
asphalt is obtained, equal in weigiit to the tar emplo_\ eci. The 
expen.se, the aetion of the sulphur on the metal of the slills,^nd 
the nuisance caused by the sulphuretted hydrogen, would he 
objections ttothis proposal. . • 

A similar mixture is /lii/is/i’/s wood-cenu'nt., well known in 
Germany as a roof-covering. This kind of roof is'very mucl', 
employed in German)- and Swity.erlatVi. bqing practically fire¬ 
proof, a bad conductor of heat, and almost indestructible. This 
cement is made of 60 parts dehydrated coal-tar, 15 pitch, anc 
25 brimutone. The mass should be kejit from superheating, anc 
the fumes discharged into the open air or under a hood, when 
the sulphuretted h.vdiogen,going off in great quantity, cannp 
injure the workmen. 

G. Ffiedfich & €0. (Ger. P. 61555) assert that a mixture 0 
various tars with pitch, ro.sin, brimstone, molasse.s, solution 0 
indiarubber, etc., furnishes a wood-cemeri^t workable in th 
cold. Other modifications arc P'elten's “vegetable asphalt” am 
Rusch’s “ chlorite-ccnient but fhey do»npt-appear to be res 
improvements on the originfil. « 

Peterson-Kinbert^, in his abeve-quoted book, p. 203, pre 
scribes running 1500 litres of “refined tar” (p. ^549) from th 
tar-still at a temperature of 270" C. into a* mixing‘vessel, an 
quite gradually adding 6 litres of melled brimstone, Antinuin 
the agitatmn until all frotl^ has disappeared. 

Hansemann & Boisly ^er. P. 83550) heat, c(»l-tar pitc 
with sulphury and treat Kre meltifd mixture with bleachinj 
powder )• aftqf cooling, the mass iS ground, mixed with soir 
thickening stuff, and'heated again. 

’ Chem. Cmtr., 185 S, p. 337. 



ASPH/^LT pipes 66i 

• 'AspJialt J’ifit's^JiiSii/cttni«' .flasses^ etc. 

^ . » . » ", 

CoaJ-tar asphalt, Or-very saft pitch, is, also emplo)xd for 

iifanufac^uriflg jisplialt \pip^s. ’•This ■ industry^ introduced by 
Jalour^u, has jDjen minutely described by’ Behrens.' Endless 
hemp paper, 7 ft. wiJc, is ^a%sed through a scniicylindrical pan 
set in a forna?* wiil .filled wkh hot pitch- A roller revolving 
irrthe pan takes up the‘paper soaked with pitch and conveys it 
to « smaller ro'llcr,forming the cose o^ the pipe, round which 
•about ICK? lasers of .paper are wound. When the proper 
thickness has been oblainRl, fine sand is cUistcd on, and the 
whole is exposed to considerable pre.ssure, which increases the 
coitipastness and Ijomogendt)’ of the mass. After a short 
co^nling in water, the core (which should previously' be rubbed 
with soft soap) i.s dravyn out by' means of a cr^ne, and the pipe 
is onfc more cooled by water. The joints of the pijies are 
ma^e by iron flangds fixed upon them, or by thimblSs formed 
t)f a wider piece of asphalt piping, and fastened on the pipe by 
a mixture of pitch anti* brimstone, or else by winding round 
them ten or twelve'fields of linen cloth soaked in melted pitch. 
Similarly, any necessary clbow-jjieces and bends are made, 
often at the place where the^.)ipe.s are laid down. 

.According to the nature of the pitch employed, the pipes 
have different qualities, w'hich mdlst be taken into account in 
using them. If made with very .soft, oily pitch, the pipes offer 
great fesistance, to the penetration of w;JI:er, and hence are 
excellent for water-pipes in marshy ground. Those made of 
harder pitch Sffer a. greater resistance to cystortion by a higher 
temperature. Qf couwic a.sphalt pipes can only be employed 
'lor conveying cotdJiq*uids or*gases; but, with this restriction, 
they can be used foi* many purposes, troth on accouflt of their 
relatively low price aijd thefr valuable qualities. They are 
stated to ^rcsvit a presAre of 33 atmo.spheres from within [?], 
and are sufficiently elastic for their joints not tb break in case 
^e ground settles down ,* they ^rc not subject to be frozen up, 
bein^ bad conductors of heat; fhciy are not acted upon by 
dilute acidi o* alkalis, and can be* laid in any soil. fThey are 
' Dmgl. point. J., c?viii., p. 3j*7. 

That Behrens does not mean real pitch, but,either asphalt A very soft 
pitch, is apparent from the fact that paper uould*be partially destroyed*at 
the melting temperature of hard pitch. 
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chiefly employed tor conveyihg^water,^ acids, air-blasts, for 
pit-ventilation; for-covering^.underground telegraph-tvires, for 
speakrng-tubes,_and.sometifnes'for (gasjpipes; 

5)J£h asphalt ‘pipes* and seniicifljular sjjouts n»de by 
cutting them in halves are excdlent for" carrying away waste 
liquors of an acid nature in-.chynical l^hfiiratifries, wnd even 
.in chemical factories, so lon^ as they 'arc ndt*exposed to any 
heat. 

Pipes of another Icihd are made ftom .(pHibafily harder) 
pitch by mixing jt with graijel an^ casting it in moulds over 
a core of tliin ^heet-iron; the outside is covered with gravel, 
which is pressed or rolled in while the mass is still warm. 
The walls of these tubes must be very thick, as theyjare 
brittle. These pipes, manufactured by Chameroy, are exten¬ 
sively employed in Paris as water-pipes, • 

Doeheing (Ger. P. 36666, 1885) has'describ’ed a process 
for manufacturing pipes with ii g/irss core and a jacket of papci, 
wood-cement, or soft pitch. Such p*j*s ^re resistant again.st 
liquids inside, and much more durable than glass tubes. They 
are made by the apparatus^shown in Pig. 133, containing a 



Fio. 133. 

windincr-roller A and the wood-cement reservoir B,* which is 
provided with a steam-pipe. 

When using any kind of asphalt tubes, it giust never be 
forgotten that they are liable to be«iistorted by heat. 

Behsens Uoc. cit.) also describesthe manufactute of asphalt 
pc.pey as a substitute' for wax-paper. Ordinary wrapping-papei 
is wound off from a roller upon a heated drum, ujfcn which t 
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scraper is fixed. Melted-pitch "runs.down in front of this to a 
depth of'ii in. The paper thue^covgred -vyith'a thin film of 
aaphalt'tun^ over sevqj-ai^rollers,- and is ultimately wound 
round the last.^ •Anoth^Jr.^i^md of paper, cbnsi.sting of -or thin 
la^er of pitch between two payers of paper, which is much 
used for doverltjg djiipp walls, is made in a similar manner. 

. Another use^f soft'coal-tar p'itch is for hhulating siihU'r- 
ran^us 'cables. -Theic arc laid in wocjdcn^shoots, afterwards filled 
with liquid piteh.- Fctr, this purpose l.essing (Ger. F. 98278) 
prepares the pitch loy-disiftlving it in suitable .solvents and 
separating the .solution from the so^id portions which arc good 
(Sanductors of electricity; the pitch remaining after distilling 
ofif'the solvent is a much better insulator than the raw 
pifcl). ^ 

A.German patent fNo. 1671O6J by Rob. Miilttr de.scribcs 
the preparafion of* an ijisulating mixture from pitch and 
asbe'stos. * 

Mann (Ger. P. i70hj3) converts a.sphalt and similar sub¬ 
stances into an emulsion by di.ssolving them in liquid solvents, 
treating them with soap and an appropriate colloid substance 
and recovering the solvent. 


The Purification 0/ Pitch by li.xtrnction loith Solvcuts. 

We Jiavc mentioned su/ira that coal-taT pitch, akmg with 
bituminous substances .soluble in carbon di.sulphidc, benzol, 
etc., contains »more, or le.ss insoluble nyitter, consisting of 
inorganic substances, aijd of “ free carbon.” These substances, 
good contlucji^r.'', of elcAricitj', impair the suitability of 
the pitch as an elect»ically insulating tnaterial. The’following 
processes are intended to impnfve its quali^ in that respect. 

Lessing (G^er. F. 98^8) .separates the insulating, .soluble 
components of pitclf from the insoluble conductors of electricity 
by treating; the pitch with»suitabje solvents, e.g., benzol, filtering 
th? sqjution and volatilising the solyent by means of steam. 
The pure bitumen remains behind* in the shape of 3 plastic 
mass, acting as a very gotid insufetor, whilst "the matters 
remaining on\he filter can bt used similarly to .sopt of retort- 
graphite ii). the manufacture of galvanic "carboji. Fracticaliy 

the same drocess is described in •the K. F. 6739, of 1901, of 

• • • 
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L. Gaster; als6 in the Ger. P. ^8600 of" the Riitgerswerke 
Aktien-Gesellschaft, which enyjloy crepsote oil or naphthalene 
for extracting the .bitumen fromkpitfh; and irf’the Ger. •?. 
2I35P7 of the Chemischh Fabrik‘'Lirf^eiihof,'t. WeyV & Co., 
where phenols are described as tH» solvent*for this .purpose.* 
The phenols are more easily, reqjoved frjrJ tl^i? solution thaiv 
•the above-mentioned solvents, by a trCatmenf'with alkalis,.»nd 
the bitumen prepared in t^*s way, in consSqu'ence, has a higher 
softening point than tfiat which is obtajped .by*extracting the 
pitch with hydrocarbons. 


The Disttllation of Pitch foi Cokt. 

Long before the technical importance of anthracene‘had 
been recogiy'zed,‘attempts were made to dbtain further pi;Dducts 
from the.,pitch left behind after the distillation of coal-tar. The 
reason for this was the fact that coal-tar pitch was not at .that 
time consumed in any large quantit^^ except for patent fuel, 
and that with only this single opening the article would be very 
liable to become unsaleable. The idea of carrying on the 
distilIa*-ion till all the volatile products are given off and ohiy 
coke remains (for which there vv*as always a certain sale) was 
very plausible. The motivq for doing .so became much .stronger 
as soon as the discovery of artificial alizarin had raised 
anthracene 'to ths rank of the most valuable component of 
coal-tar. It was known that the pitch contain^ .some anthracene ; 
and the hope of obtaining it therefrom at a^profit seemed 
justified. 

The apparently simplest plan, that of 'carrying on the 
proce.ss i,n the Lar-.still itself to the stage qf 'coke, i.s not feasible. 
We have seen, on p. 397, that c^st-iron i.s not well adapted for 
tar-distilling, and drought-iron vvopfti be burnt away too 
quickly. Moreover, cutting out the coke would be very costly, 
and would seriously injure the iron pktes. A method propo,sed 
by Puls (B. P. 1910, of 1858), Viz., adding earthy substancef^o 
the tar, so as to prevent the' red-hot residue fromradhering to 
the still, would cause the }flss of ^he coke, and is not worthy of 
seriou^consideration. ,i 

. Hence distilling'the tar up to pitch in the ordinary stills, and 
distilling the ‘pitch in separate vessels, either charging them 
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with it in the'solid state, or ^nhing it wh'le still liquid into the 
pitch-ovdli, cannot be avoided. oyen ir^ay be a brickwork 

mnffle, of a ftrecjay gas-(;efcift, oi» an iron ve.ssel of some shape 
or-othe* 

' Ttie . brick pttcli-bvetis; v^hich were formerly sometimes 
'employed,' wi?l be^ bdt bricgy mentioned here, as they have 
not. proved practically .successful. They were fnuffle-furnaces,' 
abo»t 15 ft. long, 6 ft. wide, and dTt high to the crown of the 
arch, fired* by’zigzag .flues running underneath the concave¬ 
shaped furnace-bed. At eath ga^ile-end thert; was a working- 
hole, about half-way up, closed during the process. The vapours 
were carried away by a casttiron pipe, 90 ft. long, and were 
con(,Jenscd by air-cooling. Usually two ovens were built side 
by’side, each was charged with 2 tons of,pitch, the doors 
closed* with metal places fastened like gas-retorP covers and 
screwed dowm. Tlfc fire having previously been' lighted, 
tola'tile products were soon formed, which were condensed in 
,the cooling-pipe ajad ••ollected in a tank. The oil first 
coming over resembled the last distillates from coal-tar; the 
foljowing portions were more visijid, very dark, and empyreu- 
matic. After about twelve,hours, when the distillatfon was 
nearly finished, large quantities of heavy yellow vapours 
appeared, condensing partly to *a very thick pasty mass; 
sometimes they yielded a reddish-j'cllow pulverulent substance, 
which (fn exposuje to the air soon turned i?oft and sticky, and 
contained much pyrene, chrysene, and other hydrocarbons. 
When nothing more came over, the two ggble-end doors were 
cauliou.sly opened ; the j/apours inside the muffle took fire, and 
the soot adhering*,tp >he sidet; and the arch was burnt. The 
dense smoke then is.Cuing from the dftors was aspirated by a 
vapour-hood and convened to S. chimney. , The cold current of 
■ air caused th^ la\’cr of ffokc on the furnace-bed to crack and 
break up into pieces, the attendant using iron tools to accelerate 
the process. The coke was drjwn out red-hot and quenched 
tt'ith water. It was quite honeycpnvbed, owing to the e.scape 
of vapours Tro»n the pasty mass. ’The heat produced by the 
burning of the soot? kept tht; oven Ted-hot, so tliat very little 
fuel was required for the next operationr. One h'jndrtd parts 
' Figure<^ and described in Ronald and Richatdson’s Chemical 
Technology, i., p. 541. 
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of pitch yielded 25 p'arts .'of oil, ^hieh could be mixed with 
the creosote oil or.sold as a common lularicant, and * 50 parts 
of coke; 25 parts were lost. But tj^esj were inaxihim'n yields; 
in pr^ptice very much pftch was Ipst *i>y. leaking throagh the 
brickwork, and hence the yield wasim'aire'r t?ian from .the iron- 
retorts. . , o 

. Of later statements upon this sfibjcct, ’dating after .the 

invention of alirarin, we .jfiall, first quotd a report mad? by 

Behrens,' upon cxperirrlents made by.him-orra farge scale. 
He employed a past-iron retprt i!J the. shape of a horizontal 
box 13 ft. long, '3 ft. 8 in. wi^e, and 3 ft. 8 in. high, constructed 
of 16 flanged plates, bolted together and joined by rust pemenl. 
The front and back openings were closed by iron doors Jand 
luted with lime-putty. On the top of the retort there was a 
manhole fci” charging with solid pjtch, and a cock for 

charging'with liquid pitch, and also a safety-valve and a 6-in. 
pipe for the vapours. The latter was connected with an -iron 
box provided below with a swan-neck pipe to run off any 
liquid, and on the top with a pipe for carrying away steam and 
uncondensed vapours into a condensing-worm. The retort 
was set' on a flat arch, whicli was levelled above and heated 
from below by a fireplace in front; at the back the flame 
divided into two parts, returned through two lower flues on 
each side of the retort, to the front, and once more, through 
two upper flues, to the back. At first a little water comes over, 
especially with damp pitch, and hence cautious firing is 
necessary to prevent boiling over. But as soo.i as the pitch 
is fairly boiling, oily matters condense, and the distillation goes 
on rapidly even with moderate firing, ro ,that 3 tons of pitch 
can be dititilled in three or four hours and yield 14 or 15 cwts. of 
oils. The latter ape condensed in two fractions—the first 
as anthracene oil, the second as ln'oricating oils. From the 
beginning, with these arrive water, gases (especially ammonia 
and hydrogen), benzene, naphthale.ne, and volatile oils (of 
sp. gr. 0-97). When two,-thirds of the oil have distilled, 'the 
formatien of coke commences; the mass swells;'and if the 
retort has been fully charged, the (ire must now be slackened. 

^ t 

‘ Dingl. ptlyt. J, ccmii., p. 37r. 

' * Watson Sivith also has observed the evolution of ammonia in tht 
coking of pitch (/. Chem Sac., 1884, pp. 144^8). 
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When the production of oil is '.neai^^ finished, the more . 
volatile hydrocarbons decrease, but there is even more .steam 
aad gases. '*At last thj're^appears a reddish-yellow resinous 
sublimate. whicTi' gradually^teases, aild the evolution of gases 
cehses *also. Ae retort k now carefully opened, and the gas 
issuing f«om is Jighted; (jtherwise the acce.ss of air might 
caiise an explosifti. Tirere were obtained:— • 

/ • ® 

Oils contairiing anthracene. .• * 

• „• • chrysene and pyrene * . b27 to 30 per cent. 

Sublimed reddi.-h-yclJow j^sin . • ^ 0 

Coke. . . . * . . 48 „• 52 „ „ 

• Gates, steam, and o 2 per tejit. ligflt oils . 25 „ 28 „ „ 

The crude anthracene oil, on treatment with alkalis, 
yitfded 3 per cent, of an oil soluble in alkali.s, and separable 
.again,by sulphuric acid, which on tiistillation gave 8 per cent, 
of water, then increasingly viscid oils, and, above 360°, a 
fraifsparent wine-coloured .solid mass ; a little carbon remained 
behind. 

The following apparatus of Fenner and Versmann for 
coking pitch has been worked on a large scale. The tar is 
first distilled in an ordinary wrought-iron still; that sh<wn here 
(.^, Fig. 134) is shaped like a horizontal boiler. B is the con¬ 
denser for light oiks and creosotes oil. When the anthracene 
oil is about to come over, the liquid pitch is run, while still hot, 
into a series of cast-iron vessels C C (i, in ^hich \he foking is 
effected. It pa.sses through the tap r, the main pipe D, and 
the taps d d (i, into each of the pitch-stills. Figs. 135 and 136 
give details of the latter. They are made of cast-iron, and are 
• about 4 ft. in dia'roeter.and 4 ffe 8 in. deep (inside measurement) ; 
it is alleged that, wh^m set in the W’ay.indicated in the diagram, 
they will last five or six ye«rs, di.stillin^ off one charge of 
to 2 tons of pitch eve»y three cla) s—one day being occupied 
in the disfillation, 3 nd two more in the cooling, emptying, and 
rechargiftg. A productiim of 10 tons of pitch per day thcre- 
fdfe j'equires three sets of six cast-iron pots each for the 
coking-opwa^ons. a is the cast-iron pitch-still; b,, furnace ; 
c c c c, flues; d, pitcfc-deliveiy pipe ; stopcock ; V, condensing- 
tube for the*vapours evolved; e'- c', liranch pi^es delivering 

condense^ liquors to the tank; /, coiitiensing-chamber 
tank. 
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The vapours'evolvJd are con'depsed entirely by atmospheric 
cooling, partly in the'tubc e, partly in the condensing^chamber 
The evolution of vapours ir grtetUV facilitatedi'by’creatirrg 



a partial vacuum in the s'till a hf means "bf an ^exhauster or 
blower ittached to the exit-pipe of the chamber /; but no 
acivantage is gained by blowing either hot air or ste^ through 
the pitchP- 455 )-, Towards the latter part of the distillaticn 
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Versmann is very rich fin anthracene, but little naphthalene or 
chrysene is present; .between 2^0° and 31-5^ the naphthalene is 
in excess; above 370" anthracene Ijss abundant, chrysene 
and other bodies of higher* boiling-'point^tban an1:hracen« being 
the main constituents of the distillate. ‘On* standing,*^these 
distillates deposit solid matter, fr^m which *cru^ anthtacene 
is, separated by filtration, washing with lighter dlls, and pressine:, 
as will be described in the nekt chapter. 

This plant may also he used for th^ distillatioi? pt pitch 
purchased in that s'tate for the extra*tior^ oT anthracene from it.. 
For this purpose'the pitch is broken up into small lumps and, 
preferably, mixed with oils obtainad in a previous distillation,^ 
or with dry absorbent carbonaceous matter. * The object of this 
is to prevent frothing and the blocking-up of the vapour- 
delivery tub^s 01! first heating, owing lo the presence of 
moisture in the pitch. The patentees .state that, on’an average, 

2 per cent, of anthracene is thus obtainable from ordinary pi!ch.' 
As. ordinary coal-tar yields abput per cent, of crude 
anthracene and 67 per cent, of pitch (this latter corresponding 
to i'33 anthracene per 100 of original tar)'it follows, according 
to the patentees, that the production of anthracene is nearly 
quadrupled when the tar is cokecT— ic, all together, I’Ss per 
cent, is obtained instead of o-^ per cent., if the above statement 
be correct. Unfortunately “ pitch-anthracene " has been found 
to be so, mfich cemtaminated with chrysene, etc., that the 
alizarin-manufacturers cannot very well purify it, and will not 
work with it at any price. Several lawsuits have aijsen from this 
circumstance, and the manufacture of pitch-anthracene seems 
to have been entirely abandoned. • It coul^i hasefly be otherwise, > 
as the production ofordintkry'anEhracene in the United Kingdom 
alone was in excess of the demand of the whole world (see 
next chapter). The coke left behind ic*very good (see below); 
and the oil fro.m which the anthracene iS separated is an 
efficient lubricator ; this is actually the only opening for the 
pitch-oils in general, until some tetter method of purifying tHe 
pitch-anthracene be discover?( 3 . 

The statements of Fenvier andi Versmaein concerning the 
amount qf anthracene gbtainable from pitch seem tb be strongly 
exaggerated. Watstm Smith (priv. comm.) obtaijjed from 
ordinary hard pitch by distilling, mixing the distillate with 



DISTILLa'^ION foe coke 571 

mother oils; and redistilling, "no iboreUhan ’ O’SSd per cent., 
crude aiuhracene from .tKe pitch, or 0-33 .from- the tar._ 

. The*proposal of E. JCegp (p. 453) might be referred'to this 
chapte* also. , ' ■ - 

‘ It IS asserteef th^t sinoe'the introduction of steam in the last 
stage of* tar-distiljing all tlje anthracene is taken out of the 
pitch, and that ^t is thus from the outset impossible to work 
th^pitch for anthrAcne, as there hj, none in it. 

One. cK" th»principal difficulties in-tfie distillation of coal-tar 
pitch, which prevents tinis c«)eraHon from bcigg very extensively 
employed, is that of finding a suitjible material for the retorts. 
'Brick _muffle-furnaccs leak boo much; fireclay retorts require 
too much fuel in proportion to the quantity of pitch worked up ; 
eftst-iron is quickly destroyed by the heat and the pilch, although 
Fenaer and Versmann assert the contrary respecting their 
construction figured above. 

• -‘F. vod Dahmen and P. Hagyi Ristic & Co. obtained a 
German patent (No. 16^1972) for making coke from tar or pitch, 
by running them in a boiling-hot state into white-hot retorts, by 
which process a very dcn.se coke is obtained {rf. p. 373). 

Kridlo (Aust. P. appl. K.33742, of 1908J seeks io evade 
the difficulty of finding a suitable material for pitch-distilling 
retorts, by simply utilizing the heating-power of the pitch, and 
abandoning the volatile products. He throws the pitch on to 
a grating, fixed over a fireplace serving for Some olhcs-purpose; 
here the pitch rnelts and runs down in thin streams, which give 
off most of tie volatile substances, so that it arrives below as 
splid coke, consisting of nearly pure carbon. 

Watson Smifh (_/. Soc. Shent. Ind., 1892, p. 119) noticed a 
distinct smell of* anunonin when asking tar-pitcl^ but only 
on coolirig, also in di^ air king after the hydrocarbons have 
passed over. Alder Wright noticed besides this a smell of 
cyanogen.* 

Quality of Pitch-coke. 

Xhe coke obtained by distilling gitch is very good^ if properly 
made, bulfoijly in that case. Thtf subject has been ireated in 
detail by Behrens*(/wf. citf The Tjuality of thfi coke depends 
upon the temperature at‘which it ha.s. been made, «.nd upon 
the length of time during which it has "been^exposed to that 

• temperaflire. If both are insufficient, a dull, blackish, comoact 
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/nass is obtained; with (but few cracks. . On opening.the retort 
this coke takes, fire .and burns „witfi a Juminous flarrtt issuing 
through’ the cracks of the mass. j. Although tha coking is 
somewhat promoted by sfich burnrng-out, and *the cra«ks are 
widened with a crowbar, the quality of the 'product is ver^y 
inferior, owing to ail pitch-coke, 'except 'thf very ha<rd-burnt 
kind, crumbling to dust in tile fire. Hence cCke that is only 
burnt out afterwards possesses but very littk cohesion ; anc^, as 
it strongly adheres to'the sides of the ,retort, onucf.i .dust is 
produced in breaking it up and gettipg' it out. Coke not 
ignited, having b'een quenched with water, must from time to 
time bo drenched with water again, as otherwise it easily takes' 
fire. In order to make /inrd coke, the temperature inside the 
retort, when the red vapours indicating the end of the distilla¬ 
tion have disappeared, must be raised to a'bright red heatand 
this should be kept up for eight hours .at least. Thus a 
complete operation lasts about twenty-four hours. Hard-burnt 
coke adheres but little to the side,s of ttjp retort, po.ssesses great 
cohesion, and consists of prismatic columnar pieces, which can 
be got out of the retort almost without using a crowbar. After 
being once quenched it does hot take fire again. It is light 
grey, very dense, and does not crumble in the fire. Behrens 
made some experiments with, such coke in English iron-works, 
with the following results. No success was attained in employ¬ 
ing it for .melting ca>;t-iron in cupolas in lieu of charcoal or for 
refining wrought-iron on hearths; in the latter case the slag 
was not easily separated from the iron. But hard,-pitch-coke is 
very good for refining pig-iron in the English way, which is 
usually done by gas-coke ; the refined pig aCterwards yielded 
very good rtvrought-iron cn Jjuddling. This coke is also very 
well adapted for fusion processes kt crucible.s. 

According to Staveley,* pitch-coke contains only o-11 to 0-12 
per cent, sulphur and 2-43 to 2-50 per cent, a.shes"; it does 
not crumble even when exposed for months in the ope'ii air, as 
there is no sulphide of iron in it; and it surpa.sses even the.bek 
Durham coke in hardness, density, heating-powcr,,and strength 
to sustain heavy loads. " • 

Pitchicoke has proved to be an'excellent matferial for the 
preparation of electnc"carbons. 

' Chem. News, xlii., p. 228. 
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Otiter UseH of Coal-hu^'Pik/i. 

Coal-tar pitch is aii CJ^ellPnt rcduciug-agent [e.g., for black- 
ash niixing, fpr^ making ^arium sulphide, etc.), because it is 
nearly. free from a'shes'and sulphur; but it is mostly too 
expensite fof thi* ^rpose,, whilst it more frequently pays in 
Kie manufacture'"of ultrkmarine. 

«As a factor in 1^le manufacture, of cctnoUstcel (blister-steel) 
it has b?en fiatented by E. J. Payfte and VV. Clarke (B. P., 
5th Oct. 1872). • , ' , 

It is contended that the iron, combines more quickly with 
'the carbon from pitch than with that from any other source, 

^ An attempt made by Behrens {Joe. a't.) to employ the pitch 
in g(js-//jiii’ii/g, by melting it and running it through a bright- 
red iron tube, yielded, on an average, for l kg. pitch, 250 litres 
of ^as, but*almosf'devoid of illuminating-power. It consists 
' mainly of hydrogen, and contains some sulphur, and would 
therefore be hardly ofrany value in gas-making. 

Balfour and Lane (B. P. 12721, 1886) add from 5 to 10 per 
cent, of soft pitch to the co!\l used in the manufacture of 
illuminating-gas, in order tp get more and better gas,"richer in 
benzene, and denser coke,containing little .sulphur. The improve¬ 
ment in the quality of gas would ueem to be very doubtful. 

Kraemer proposed to utilize any excess of pitch by adding 
it in .small piirtions to coal, coked in ordina'ry coke-ov*'ns. This 
yields pure coke of excellent quality. 

Kent (Gcr. P, 194372) prepares lubricating oil, free from 
phenols and naphthalene, by distilling pitch from water-gas tar 
and gas oils. •, . ' 

The method of Markl, mentioned on p, 498 *(for which, 
besides the Ger. P. 2^7502, !ie obtained ^he B. 1 ’. 10383, 1914), 
is applicable,also for treating pitch. 

Douglas Bros, (Ger, P. 125455) manufacture acid- and 
Jtora-pfoof vessels by lining them with bricks, formed of 
cok'a, soot, retort-carbon or graphite, cemented together by 
pitch or f*ar jind ignited ; the mortar for keeping those bricks 
together consisting of the .feme sufjstances. 

When pitch cannot be utilized in any other way, it can be 
burned tfi. lampblack. The furnaces and* condensing-chamtiers 
for this purpose are similar to those described on pp. 252 et seq. 
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.for burning tar ;’only^s the pitch ^ solid,,it must 'from time to 
time bf thrown’upo,n the red-h»t iron plates on which jt is to 
be burnt. No doubt a vc.ssel might fce fixed abc^ve thes*e, where 
the pitch would be melted'by the combustion ^Sing on*,below, 
and from which it would be run o^t c?Dntinuou.sly by means pf 
a valve in the bottom. Accordyig to ’Theniifs 506 kg. of 
pitch yield 200’kg. of different descrip'tions of lampblack, and 
200 kg. of cokedf residue, lyfiich is knocked off-with hammer 
and crowbar and used hs fuel. Alon^ witfi fitclf any dry 
alkaline rc.sidues fi/jm purifying the^ar,-c*ls may be burned ; but 
usually none are obtained, a^the alkali is employed in aqueous 
solution. ' . . 

Disease caused by Pitch (^Pitch Cancer)} 

The men who have to handle coal-tar pitch arc sometimes 
afflicted by .ft peculiar skin disease known by the name of 
“ pitch-cancer,’’ and specially investigated by Ehmann {Z. 
J. Geu’.-Hyg., 1909, p. 574; Chew. Zcil., 1910, p. 17). Its 
symptoms arc a brown coloration of the skin (“ Indian ” skin), 
eruption of grubs or maggots on the skin, yellow coloration of 
the conjunctiva. This disea.se occurs principally at patent-fuel 
works, but also in other industrial establishments where coal- 
tar pitch is manipulated. A detailed report on it has been 
made by the English factory inspector. Dr Legge {Chew. 
Trade J., 1910, xlvi., p. JoC). He describes manifold forms of 
it, both av^utc and difronic, and recommends cleanliness 'as the 
best preventative against it. The rules laid down by him are 
as follows (abstract) — •- 

Duties of the Employers, — i. There .shall be provided and 
maintained in a cleanly state anO in good repair {a) Suitable * 
bath accoiKmodation (dou>ihe or other) in the proportion of at 
least one bath for every five per.sbns ernployed on a shift, with 
hot and cold water, soap, and towels {b) A lavatory with a 
sufficient supply of clean towels, soap, and'nail brushes; (c) 
Overall suits, closely fitting at the neric, wrists, and below the 
knee, for 4II persons employed, to be washed or renewed at 
least one® every week ; {d) Suitable places for the ‘deposit of 
clothing takeh'off during working hours. 2.' All disintegrating 
machines-'and elevator^to be encaseS except at the point where 
charging is done. 3. ‘’\Vire goggles, or other equivale’it for the 

' Cf. supra, p. 314. 
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eyes, to be -provided for the persons e^ployfed in unloading, 
digging, breaking, or crushing the pitch. 

Dulks of. Einployee^^^ ba-tfi to be taken at the vvbrks at 
least Cjpce evdry alternate’-week-day, except in the case of 
wbrkrh'en who can’ ^rodice a medical certificate that such 
bathing would invfilye risk i^. his then state of health. Every 
pprson employec>.shall vra.sh before leaving the works for meals, 
or at the end of tht day, when a bath is not .taken ; and .shall 
wear the «over».ll ^uifs, provided as above, and the goggles for 
protecting the eyes. * , • , 

H. W. Robinson (B. 1 ’. 4159,^ of 1913; C.S. P. 1114045) 
removes from tar and pitch the property inducing pitch-cancer, 
by adding formyl aldehyde or other aldehydes to the tar or 
pitch during the distillation, preferably after the separation of 
the carbolic acid fraction and before the separatioivjf the heavy 
oil fraction, *and a further quantity of the aldehyde ina)- be 
.added to the pitch re.siduc after the completion of the distilla¬ 
tion. The aldehyde is. jSreferpbly introduced into the still in a 
.steam jet, for which’purpose an apparatus is described. 

« 

Testily of Pikh. 

I'he te.sting of pitch is principally performed with regard 
to its application for the manufacture of patent fuel (briquettes) 
and asphalt, and ordinarily comprises th^ estimation of its 
specific* gravity, of free carbon, of mineral impurities, of the 
temperature of softening and fusing, and of the coking-residue. 

Sometime? it is the question of identifying coal-tar pitch 
as such, or proving its presence in other descriptions of pitch or 
"natural asphalt. 

The estitnation of*specific gi'avtty is periormed by the usual 
methods, bearing in misd that the pitch (especially hard pitch) 
frequently contains »cavities filled with air, and that, therefore, 

, it should^be reduced to powder before estimating its specific 
gravity. The ordinary specific gravities are (roundly): 

• . • • 

Otsoft pitch . • , • 1-250 to 1-265. • 

„ mfddling^soft pitchy . •. 1-275 „ ^28o. 

„ hjrd pitch ■ « • • 1-285 ‘■330- , 

Free carbon is estimated by the methotls described supta, 
pp. 308 afid 523. The method usually employed is that 
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, prescribed by ’KraeKer .'and • S^ilker, viz,, extraction with 
aniline and pyridine bases {.supra, p.. 524)- Constam and 
Rouge'bt {loc. cit.) perform th’e'.extipctjpn by benzol c>r’ carbon 
disulphide, but Kus.sig (^heiu. No.* 19) effects to 

this, both on account of being urifeliabie and requir'ing far 
too much time (up to four pr hye day«jj This aiso holds 
good of the method of hodurek, describe supra, p. 574. 
The only method to be recoinmended, besides that of Kraemer 
and Spilker, i.s that ’of the Chemische 5 'abfik i^indenhof; 
C. Weyl & Co.,(Ger. P. 213507), ^epipfloying phenol as a 

solvent. „ 

Caiiup-n's/duti.— This test, according to Muck (Z; f. Berg, 
tlutten und Salinenwesm, vol. xxxvii.), is'very important^ for 
judging of the quality of the pitch ; not the quantity, but' the 
physical appearance of the coke, whether it be porgus or 
sintered, since this indicates the behaviour of the _ briquettes 
when used in firing. Such descriptions of pitch which futnisb 
a thin liquid on fusing allow the gases.and vapours formed to 
escape without leaving a porous coke behind. But pitch which 
leaves a swelled-up, porous ^coking-residue (which frequently 
occurs in the case of hard pitch containing a large proportfon 
of free carbon, but also in the case of soft blast-furnace^ pitch, 
such as is formed from .the substances contained in the 
deposits of blast-furnace outlet-gase.s) is not fit for the manu¬ 
facture of briquettes. _ - 

According to Brookmann (quoted by Constam and Rougeot 
in Z. augew. Chem., 1904, p. 845) Muck’s coking-test is carried 
out in the pit laboratory at Essen in the__following way One g 
of the finely powdered pitch i.s heated in a platinum crucible, 
the cover, of which has.in the centre a tiole of a diameter ol 
2 mm. The heating takes piece in the hottest part of the 
flame of a Bunsen'burner, the bott9>m of the crucible being 
about 6 cm. above the mouth of the burner, and i.ii continuec 
until no more jets of flame appear above the hole in'the covei 
of the crucible. To make sure of it, when there is no flame 
coming cout of this hole,'another flame is brought in contac 
with it. ThP appearance of the ceke formed is observed before 
going on to the estimation of the ashes, which is performer 
with the coking-sample in the usual manner. ■ . . , 

Estimation of the softenijig- or melting-point .—is th. 
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most important test for the quality’of t)je pifch intended to 
be,used in the manufa*cture'o? briquettes. 

Soft*pitch {Ijmi gro^ s'cft.ens*at 40°, melts at 60". 

MctPerately liprd „ 60°, „ 100°. 

Hard pitch m-) 100", „ 150° to 200”. 

, A practical teM;*s kneading a sample between the teeth. If 
this can be done ea.siy, the pitch is«oft; if with more difficulty, 
it is modcrifttel)* hard ; ^and if it i.s crushed to powder, it is hard. 
Soft pitch is more shining .and black than very hard pitch, 
which verges upon grey and ha.s* less lustre. ‘Sometimes ihe 
latter is even a little porous: jf it is more so, it is partly coked 
and cannot be used* for patent fuel. The .specific gravity of 
hard pitch is about 1-3. 

A |est for soft pitch, to see whether it i.s suitable for patent 
fuel, is-dipping a piese of about 4 in. length and i' in. diameter 
£or tftro mirfutes in water of 60°; when taken out it should bend 
without breaking. For^liarder de.scriptions water of 70" is 
'taken; on the othcr‘hand, it is sometimes required that pitch 
should easily twist at ^5". 

■ I am indebted to Mr F. G. HoWes, of Messrs Burt, Boulton, 
& Haywood, for the following notes on a method for testing 
pitch (softening- and fusing-point) 

“ Several pieces of pitch are taken from different parts of 
the sanjple and cut to the size of a J-in. aube. These cubes 
are then fixed on metal wires by heating the ends of the wires 
and pressing J;hcm into the pieces of pitch, which are then 
suspended in a vessel containing about* 500 c.c. of water 
.heated by any cgnvenTent mfans, at a uniform rate of 5° C. 
per minute, as indr(;ated by a therm.ometer immer^d in the 
water with the bulb about ll.to 2 in. from the bottom of the 
vessel. 

“ The otibes are' suspended on a level with the bulb of the 
thermomtter. As the tepiperature rises, the pieces of pitch are 
talfen^out from time to time and twisted or squeezed with the 
fingers, and the temperature notejl at which they ass.umc the 
following conditions:— 

(i*) Readily twining or soft. 

,(2) Very soft. 

* (3) Fused. 


2 O 
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(i) The'twisting-point is when the pitch "can be easily 
twisted round several times.- 

'(2) Very soft, when it yields,' to,'a very light pifessure of 
the fingers. 

(3) Fusion, when the pitch mtlts oft the wire.” . 

More accurate results are obtained'by, the* folloffing con- 
-trivance (originated in Fraiice, and alSo com*municated by Mr 
Holmes). The -tin cylincitfr. Fig. 137, contains a horizfintal 
partition, in which five ttibes are insertetl, closecPat ttie bottom. 
The central tube serves for intrfidijcwig a thermometer, the 
other four tubes are filled^ with ground-up and sifted pitch. 
The .sifting must remove both the coar.se particles and’the dust. 

The pitch-powder is weighted by an iron 
disk attached to a pin of definite weight, 
the perforations in 'the top cover .'■erving 
as guides for the pins and the ther¬ 
mometer. The cylinder is now filled with 
water a little aboye the tops of the tubes, 
and is heated over a lamp till the disks 
sink do\^n into the melted piteh, the tem¬ 
perature being noted at that point. 

Muck ' moulds the samples into cylin¬ 
drical .dicks, 4 mm. thick and 100 mm. 
long, which are bent round for a length 
of 20 mm., so that the shorter limb can 
be attached by an india-rubber ring to the 
mercury vcs.sel of a therm imeter, whilst 
the longer limb is parallel with the stem.^ The whole is 
immersed in a beaker provided 'with a mechanical stirrer and 
filled with water, and thic is' cautiously heated until the longer 
limb begins to turn (]o\vn. '' ^ 

Buchanan - sticks a piece of pitch ^to a thermometer, 
placed in a dry test-tube and heated in a water-bath. The 
pitch first .softens and then falls off This happens ^ith hard 
pitch at 80°, with medium^ hard at 55°, and with soft pitch at 
50° C. . " 

Schenk zj Schweinsberg^ prepares, from a glass tube 7 mm. 

' Zsck.f. Berg-, Hu Hen- u. Salinenwesen, 1889 
- J.,Soc. Chem, 1 ml., 1894, p. 1098. 

^ Z, angew. Chem,, ^890, p. 704. 
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wide and 2S'cm. loi^, the ^p'aratus shtVwn in' Fig. 138. The- 

lower portion up to f/is filled with ground.pittth/; if too .soft 

for grinding,-th^ pitch isiimiulddd into small pejlet.s. A drop of 

mercury is poure^ in, ap’d-t^'e narrow part of the tube is. drawn 

out into a capillan^'(as ^hown in the right-hand side). A 

platinum' wire* a, 4 ^7 1 , Js attached to it as shown in the 

figure, the loop at*</ serving for putting in a glass rod, by mcan.s 

of M^iich the whole is suspended irt.a bjakcr •filleci with water, 

together.r^ith i tlx;rin»meter whose bulb is at the same level as 

the pitch. The watc* is frery ^slowly hcatt^i, and any gas- 

bubbles arc removed from the glas.-i tube by means of a feather- 

quill. As the heat, increases, the 

. pitch sinters down to about half 

it.s* original volume. When it.s 

fusing*-point is reachpd, this is 

shown by a swcllirig up. The 

commencement of the fusion is 

most easily seen in tlic lower 

bend and at the iioint of the tube. 

*• • 

The thermometer is now read, tp 
establi.sh the fusing-point, bi^t the 
heating is continued until the 
pitch rises in the tube and the* 
drop of mercury sinks down and 
is enclused by the liquid pitch, so 
that the whole of the lower part 
of the tube is filled with liquid 
pitch and merqury. J'his point, 

'at which the tefqpcrature S; again noticed, is called the 
“ practical ” fusing-peiint; it is below 50'’ C. for .^ft pitch, 
60” to 99^ for mediryn - hafd, and ab^ve too" for hard 
pitch. ^ * 

Klimon\' approves of this test, but only when carried out 
by a person who has m*jch experience with it. He prefers 
emplcying an ordinary test-tube, tlie bottom of which is charged 
with powdeted pitch and which is .suspended in a beaker along¬ 
side a thermometer For hSrd pitcTi the beaker is filled with 
glycerine, for soft pitch with water, and it is very gtadually 
heated unWl the surface is smooth and sfiining. This is ttie 
.’ Z. atte^ew. Ckem." U)ou, p 761. 
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melting-point. He al|o describes ^nother^method’, which must 
be consulted in’thc^original. . 

Matery and Sieplein^' employ £*gl)4cerin bath (Fig! 139), in 
which is placed a narrow" beaker B clb^ed by a cork, through 
which passes the thermometer C a\id a "metal strip D, J m. 
broad, ending !j in. above the boltom of if, wlfere if is bent 
upwards. On this is placecf the sample of asphalt or pitch E. 
This sample musk form^ a sU'd, 1 in. long, l^in. wide, J in. thick, 
so that it projects over fhe strip D. The theriHometer .should 
be J in. distant from the sample. 'The .heating is continued up 
to the point where the sample has sufficiently 
softened to bend down on both sides of the 
metal support. 

Kraemer and Sarnow“ declare the follow¬ 
ing method for estimating the softenyig- or 
melting-point to be nfost reliable. Melt 
about 25 g. pitch in a small tin ves.sel with 
level bottom in an TiiPbath of .similar shape 
at about 150" C., so that it forms a layer 
10 mm. deep. Into this dip one end of a 
glass tube, open at both ends, 6 or 7 mm. 
wide and 10 cm. long. Close the upper end 
of this with the finger, take it out of the 
glass and allow the pitch contained in the 
other end to cool in a horizontal position, 
turning it round all the time. When the 
pitch is no more liquid, it will occupy a 
height of about 5 mm. Remove the fiitch a^dhering outside, 
and pour upon the pitch in tHt tube ejjetly 5 g. mercury, 
measured"off in a smalBtube provided with a mark. Suspend 
the tube (or a numyier of them^ in a^small beaker, filled with 
water, place this in a larger beaker* filled with water, put a 
thermometer in a smaller beaker in such manner that its 
mercury vessel is on the same.lcvel «s the pitch safnple, and 
heat with a small flams. . The temperature at whic^h the 
mercury breaks through tlie pitch is noted as J;he fusing- or 
softening-point. For samples offusing»point above 90° C., 
the outer beaker is -filled with white paraffin oil, the inner 

‘ /. Amer. Chetn. Soc., 1901, xx., p. 16 ; C/tem. Cenlr., igoiji., p. 809. 

■ Chem. Ind., t903, p. 55. 
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one with saturated ^olutioij of commoi> salt or magnesium* 
chloridf. The results obtained-.are rather,lower than^by the 
old capiflary method, but "ate^ q’aite constant and therefore well 
adapted for comjjarisoij.' ■ , 

E. A. Kolbe ^ Inangi^al Dissertation,” Zurich, 1908) 
ascertaii^ed th 5 mojtihg-points often samples of French coal- 
tir pitches (sp. gr. 1-252 to 1-271) by Kracmer and Sarnow’S 
metiod, as descriE>ed in the text, .and ‘found them to 
range befweefl 105°^ and 129" C. Other communications on 
Kracmer and Sarnow’sw^tlfod hjve been m;jdp by Margosches 
{Cl/cm. Rev. Fett-lnd., 1904, part 12.) and Wendriner {Z. angnv. 
Xhem., 1905, p. 622), • 

.Other apparatus for determining the fusing-point of pitch 
haVe been described^ by Kovacs (/. Soc. C/icm. lud., 1902, 
P- toy/); Church (J. Jnd. Eng. Chem., 191:, p. *230) ; Bauer 
\Cltcin. Cent!'., 1905,^1!., p. 1 / 45 )- 

• Wendriner (Z. angew.^ Chem., 1905, p. 1946) shows that a very 
.slight percentage of water in pitch causes great irregularities in 
the fusing-points. Russig {Chem. Zsch., iv., 464, 543 ; v., 363) 
considers differences of 2" or 3° ir< the fusing-points of pitch to 
be of no moment whatever, since the fusing-point, hardness, and 
cementing power do not run parallel in pitches of different 
origin. • 

Kohler cites the following specification for pifeh intended 
for they manufacture of briquettes:—(i) Pieces of i\^'n. thick¬ 
ness are placed in water of 60° C.; after this has cooled down 
to 55“ the pitth may be easily twisted wjthout breaking. (2) 
When carbonized in a, crucible before a gas-blast at a bright 
’led heat, it shouhl .not leave* m^ore than 45 per cent, residue. 
(3) It should be pui^ coal-tar pitch,-Softened with Anthracene 
oil, not with creosote, oil or naphthalcse (which could be 
proved by distillatjon), In which case it fouls the pistons of 
the pressed. 

. Testing the Consistency of Bituminous Binders in the Asphalt 
Paving Industry. —An apparatu.s for this purpose, has been 
constructed by C. N. Forrest, and is made by Howard & Morse, 
Brooklyn, N.Y. If consist? of ai? aluminium saucer and a 
conical brass collar, which is filled with the bitumdh under 
exarainatien. The whole is immersed in water of 90° F., and 
the number of seconds i.s noted which elapses until the mass 
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has been forced out o? the collar apd the apparatus sinks below 
the surface. ‘ ■ 

The viscosity, of pitch-like substehoes is tested by Trouton 
and A-ndrew.s' by means of tors;op.' A constant tdrque is 
applied to a cylindrical bar of the'material, and the relative 
motions of the ends are observed, frorri vvjhich'' and from the 
dimensions of the cylinder the viscosity is calculated. 

Binder - prefe.s testing -.the pitch for briquettes by making 
small briquettes of about an inch diameter wdth vifriou^ mixtures, 
and testing theso by means,of a'’spf;dally constructed press, 
heated by gas. Later on he de.scribcs his apparatus more 
fully. He uses a small cylindrical steel mortar, as employed in 
the analysi.s of minerals, heats it to lOo" to 150' puts the 
mixture of pitch anti sand or coke-powder into it, an^l com. 
presses it by putting on the pi.stil and giving three cx- four 
heavy blows with a hammer. 

hstiinatioii of the Hituminons .Subs/irnces in Pitch. —For more 
exact te.sts the real “bitumen,” as distinct from “free carbon” 
(coke) and ashes, is quantitatively estimated. This can be done 
in the way usual for testing-bituminous coal for the yield of 
coke, viz,, by heating say 1 g. o,f finely powdered pitch in a 
platinum crucible of l| to in. height, with the lid on, by 
means of a good Bunsen burner, first gently, till no more smoke 
and flames issue between the crucible and its lid, then as 
strongly'^s the burner will permit. The operation should last 
about twenty minutes. The crucible is placed in a desiccator 
and the coke is weighed after cooling ; it amouirts to from 25 
to 50 per cent, of the pitch. 

For a direct estimation of tne bituminous substances US' 
distinct from “ free carbon,” in pitch, it is successively treated 
with hot benzene, carbon disulphide, and alcohol, and this 
treatment is again repeated. The Operation is conveniently 
carried out by means of a Soxhlet’s extracting-apparatus. 
Since the fine dust easily passes thisjugh a filter, if is some¬ 
times preferable to simp'y boil the pitch in a flask., with 
reflux-cooler and to decant through a filter. The residue left 
may be considered as “ free carbon ” (more properly speaking, 

^ J. Soc, Chem. Ind.^ 19045 p* 680. 

Chem, Zett. Rep,^ 1899, p. 194. 

Z. angetv.^Chem.^ 1905, P- 954 - 
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coke). We’refer to details of this p.-ocess’ in Chapter V., 

P-'523- .. . ■ • • 

Const'am ancj Rbugeat * istiiimte in briquette pitch both the 
coke reMdue obt;yncd -heating, a.s*above, and by extracting 
the pitch with disulphide'of^carbon. Russig {Chon. Zeit., iv., 
No. 19) aoes :ftit appi’ove of«this .soivent being used by itself, 
th& results being uncertaUi, since the percentage of substances- 
soluljle in carbon disulphide in coal^iar pitch vnries within wide 
limits (freA 60"to 95 p«r cent.). 

Kraemer and SpilktM'T|Cdh.sidqr the percentage of bitumen 
in pitch as the most important te.-'t for its briquette - making 
quality. 

Russig {loc. cit.) also believes that the estimation of the real 
bitumen in pitch is the proper test for its suitability for the 
manufacture of briquettes, but he does not consider the methods 
for this purpose to be sufficiently developed. More particularly 
he does not think .the fusing-point of pitch as a sufficient 
.criterion of its quality (ft) which opinion VVendriner, in Cheni. 
Zeit.., 1905, p. 543, majees some objections). 

.Hodurek {if s/i/>nr, p. 524) exhausts the pitch with boiling 
benzol, thus obtaining a precipitation of" suspended carBun and 
bitumen.” Tile “suspended carbon” by itself is found by dis¬ 
solving the pitch in anthracene dil, filtering, and only then 
precipitating with benzol, the “bitumen” bein" found by 
differenfe against the first test. 

J. E. Mills (/. .SV)c. Chon, hid., 1908, p. 887) quotes the 
follovving test.s,»employed at the U.S. Govsrnment fuel-testing 
works at St Lo^tis, for, the testing of briquette pitch. The 
luaterial is'distilleti,;,all comiiTg over below 270" C. is rejected 
as valueless. The flotving-point should not be below fo . The 
smaller the residue renjaining on extrac^'ng the pitch with 
carbon disulphide, the more suitable the material is for briquet¬ 
ting. The higher the flowing-point, the better the briquettes 
staijd in the fire; if it Ts so high that the working of the 
machines becomes difficult, it is Jowered by the ackiition of 
heavy tar-oils foiling under 270° (?. ^ 

Leo {Chem^ Zeit' 1909, p/359) has worked out a colorimetric 
method for use in patent-fuel works which-permits of judging of 
’ Z. angev. Chem., 1904, p. 845 ; more fully descr!!)ed ii>Roiigeot’s thesTs, 
Zurich, 1905.* ^ Muspraii-Hunte’s Techn. Chemie, 1905, viii., 13. 
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the quality of the pitch in a quick and, easy niahner. It is 
founded on the bfown colour, imparted to benzol by pitth, 
which is all the.more pronounced.l^ie greater tfhe’proportion of 
pitch. • Samplc.s arc taken at certa.in- Intervals, of the 'boal and 
the pitch before mixing them, gna of thq briquette mixture 
after coming out of the heating-furnace.^ Tlie samples are 
•reduced to an average sample of from i to 0-5 kg. and. dried'at 
100°, to estimate the naoistu-rte. Of these ground and well-mixed 
samples about 50 g. are weighed out,.which krt fused in an 
oil-bath at 15Q'', and after cooling/ground to a fine powder. 
From this is prepared. A, a five per cent, pitch solution, by- 
mixing 0-05 g. pitch with 0-95 cOal powder, which is placed in 
a half-litre flask, together with 200 c.c. of colourless commercial- 
go per cent, benzol. B, l g. of the powdered briquette sample 
is treated is the same way. Both A and B are heated exactly 
half an hour, the flasks being closed by a' reflux-cooler, cooled, 
filtered through a double filtering paper into dry flasks, and the 
filtrates put into Eggertz tubes, holding^20 c.c. and provided, 
with a -jV division. Of the pitch solutiop A 20 c.c. are put in a 
tube which is then closed by-a glass stopper, and 10 c.c. of .the 
briquette solution B in another tube. If the solution B is 
darker than A, colourless benzol is added, until the colour of B 
is the same as that of A.' Suppose this were the case, after 
4 c.c. of benzol had been added, we should read off 14 c.c.; the 
solutiow B therefore contains -,*^1 of pitch more than A ; hence 


the briquette sample contains-—= 7 percent, of^pitch. 

Further Tests of Pitch .—Church for.cit.,p 581) determines 
the breaking point of pitch by covering a flat'eopper dish with a 
J-in. layer of melted pitch, placing this dish into a dish con¬ 
taining water of a'temperature'10° or 12' above the breaking 
temperature desired, and cooling this in such a way that the 
temperature falls i" every minute. From time to fime he puts 
the flat blade of a knife below thi layer of pitch, and .calls 
that temperature the “breaking-point” at which, on vapidly 
raising the knife-blade, the layer of pitch ie Broken. He 
further makes an exiaporation ttst, by heating 10 g. of the 
pitch during seven hours in a drying-stove constantly to 160°, 
and weighing the residue. He also makes a slide-test by 
means of a small tin-plate‘box, the, surface of which consists 
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of undulated plate, ^he undulation being | in. broad, inclined 
30°. In the highest undulation a small cube of pitch is placed 
and pressed-dpwn with- thfr finger. The whole is kept' during 
seven hours in a,drying-'stoye at 40°,knd the distance measured 
which the pitch has moved down on the inclined plane. 


Distinftion between. Coal-tar Pite^i and Other Descriptions oj 
Pitch and A'sphait. 

The distinction betweei> ordinary coal-tar pitch and blast¬ 
furnace pitch, according to Buchanan, /. Soc'. Chcni. Ind., 1894, 
p. 1098, can be made by determining the amount of ashes and 
of free carbon. The former never contains above o-i, the latter 
6l8 to ii-i per cent, ashes. Pitch containing less than i per 
cent* ashes cannot be blast-furnace pitch. Coal-tar pitch 
contains rarely less’'than from 25 to 30 per cent, free carbon; 
coke-oven pitch usually 5 to 7 per cent., rarely above to per cent. 
No distinction is possible by the crucible test for coke-residues, 
as they behave similarly in that respect. From hard pitch 
Buchanan got 38, from medium pitch 30, from .soft pitch 26 
per cent. coke. 

Sometimes coal-tar pitch has to be distinguished from 
natural asphalt. It is generally sufficient to heat the sample in 
a crucible, when the pungent, acrid vapours from tar-pitch can 
be easily distinguished from the pleasant,^aitummoHg smell of 
natural asphalt. The former can also be easily recognised by 
the green fl*ioresgcnce exhibited by even dilute solutions in 
benzol, carboij disulphide, chloroform, petroleum .spirit, etc. 
Ma\o (Ann. desPants et Chnuss., 1879, t. ii.) describes the following 
process, worked out* by Durand-Claye. The sampla of a.sphalt 
is extracted with carbon disrriphide, the .solution is distilled, and 
the residue dried at moderate heat until it is hard and brittle 
on cooliitg. It is then powdered, and o-i g. is put into a 
test-tub'b, into which 5 c.c. of. strong sulphuric acid is poured, 
"fh^sample is thus left standing for twenty-four hours, protected 
from air, in^ then 10 c.c. of water is cautiously added from a 
pipette, avoiding strong heating. ‘The whole is'poured on to a 
filter and is*washed with foo c.c. water.. In the case of natural 
bitumen .the filtrate is colourless or faintly coloured, in that of 
coal-tar |!)itch it is dark brown.. By preparing samples with a 
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^varying percentage of pitch', the'proportions of a mixture of the 
latter with natural asphalt can be approximately estimated. 

HaUenstein’ heats i g. oi'.lhe foat^rial to-about ^oo° C.; 
after cooling, the substance is powdered and mixed with 5 c.c. 
absolute alcohol. After a short timi tfie presence of coal-far 
pitch is shown by a yellow cplou^ of the ^cohel, wiA strong 
greenish-blue lluorescence, \t'hich bec 9 me.s rflore pronounced 
the greater the [icrcentage^tif pitch. • . ' ^ 

Donath and Margosches “ show the presence of co;rf-tar pitch 



quinone) which is produced by cajistic soda solution and zinc* 
dust. The same authors later on'* admit that some coal-tar 


pitche.s give only traces of'this reaction, and Berger* a.ssefts 
that it may t^ke place just in the ca.se of pure Trinidad asphalt 
and pure petroleum goudron! • * 

Kohler*’ discourses at length on the distinction *of natural- 
from artificial asphalt. He controverts also the assertion of 
Malenkovic,'' who considers petroleum pitch* as being nearer to 
tar pitch than to natural asphajt. * 

'i'otho also speaks on the difficulty of proving the presence 
of artificial beside natural asphalt. 

A committee of the Intermtional Congress for the Examina¬ 
tion of Technical Materials, of which G. Lunge was appointed 
President reported'to the Congress held at Brussels ix igo6 
on the above subject. The principal contribution to it was 
an investigation by Lunge and Krepelka^ on f. number of 
natural and artificial a.sphalt.s. The specific gravities of coal-tar 
pitches, both .soft and hard (1-23 U 1-27), are reuch above those ■ 
of naturaltor petroleum asphalts (0-98 to <1-17). The fusing- 
points are too irregular to allow vf any use for distinguishing 
both kinds of asphalt. The specific gravities of the solutions in 
chloroform are distinctly higher for coal-tar pitch' than for 
natural asphalt, and so are the “ iodineciiumbers ” in b6th cases 
{Chem, Zeit, 1904, xvi., p. 177 ; Z. angeiv. Client., 1904, p. IJ16). 


' Di( Asphaltstrassep'1,1. '' 

Chevi. Ind, 1904, p. 222 ; Chem. Ccnlr^, 1904, i., 1647. , 

" Z. angew. Chem., 1905) p. 1106. ' Bitumen, 1905, p. 5. 

^ Chem. Zeit., 1906, p.*36. " Chem. Centr., 19C15, i., 1283. 

~ Chem. Zeit., 1905, p. 899 ; Chen,i. Centr., 1905, ii., 1054. » 
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A distinction between coal-tar pitch (as well as lignitc-pitch 
and wood-tar pitch, therefore riot suitable, for -distingujshing 
these pitches from one -aiiother) from natural asphalt and 
“grease»pitch” c^n be made'by Gratfc’s diazobenzolchloride- 
■ reaction {Ckcvi, Zcit., 1906, p. -yS). lie boils 2 g. of the well- 
ground pitch for Ijve' minuses with 20 c.c. of a seminormal 
cafistic soda solufion, and to the cooled filtrate he adds a few. 
dropj of a freshly m^dc solution of (liazobenzolchloride. Owing 
to the forifiatiofi of an ^zo-dye from the phenols e.xtracted from 
the tar by the above,t||ea*men^t, a red co]our is produced, 
sometimes even a red precipitate (especially in the case of soft 
iJitch, containing a considcrahJe quantity of oily matter). This 
.reaction is weakest in the case of wood-tar pitch, and it 
altogether fails in the case of natural a.sphalt, mostly also with 
greasa-pitch. ’ _ , 

Loebell (V/icm. Zcit., 1911, p. 408) found that the process as 
described By Graefe does not in all cases give a sufficiently 
sharp result, wherefore i?e modifies it as follows:—Two g. of 
the bitumen is heated in a porcelain dish on the water-bath, 
weH mixed with the‘same amount of sand, and, after cooling 
down, thoroughly agitated w'ith colourless acetone in "a wide 
test-tube. If the solution remains colourless, or takes only a 
faint yellow colour, there is no .-cispicion of the presence of 
phenol-containing substances. If, however, the solution is 
strongly coloured, it is filtered, the filtrate i# evapdralgd till all 
the acetone is driven off, and the reddish-brown, oily residue 
is treated, exactly prescribed by Graefe, with caustic soda 
solution and diajobenzolchloride solution. In the case of a.sphalt 
•mastix, or other.easily pow'ilered samples of bitumens, the 
addition of sand to the original samples may be oiaitted. It 
seems probable that it will be pos.sible to ^xtract from asphalts 
the tarry additions by msans of acetone, and to obtain from the 
quantity, the quality, the specific gravity, and other properties 
of the soTution in acetoi»e sufficient data for judging whether 
ligBt paraffin oil (sp, gr. o-88o to O-QCjp) or other tarry additions 
of higher ccrnsistency are present in notable quantities. 

The opposite ca«ie, viz., an adultJration of coefl-tar pitch by 
the other de.scriptions of pit’ch or asphalt, can hardly come into 
question, since these are mostly dearer to buy than coal-tar 
pitch. 
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Cf. also on the discovery of co^I-tar pitch in natural asphalt 
and i,n the other , description of pitches, Lunge’s Technival 
Methods of Chemical Analysis,' p. 49'(1914), and H. 

Kohler’s Chemie und Tec/inologie der ndturlicheu und kuUstlichen 
Asphalte, 1904, pp. 346 et seq. 


Statistics <pi Coal-tar Pi'ch. 

Statistics are only obtainable from G«rmany. That country 
formerly produced nothing like the quantity which it consumed 
for the manufacture of briquettes {cf. p. 540), and hence until 
1902 had to import a large quanSity of pitch, as shown in the 
following table:— 


L 

PiUih 

1‘itch 

Year.* , 

Pitch 

P.lcll 


imported. 

exported. 

linport«*II. 

exported. 


Tons. 

Tons. 


Toilh. 

Tniw 

1894 . 

29,977 

7,712 

S.937 

• 1903 0. 

8,603 

4.354 

1895 . 

39.9!<) 

1904 . 

8,106 

4.074 

1896 . 

53,0^8 

9,6:7 

‘ "005 ■ 

6,563 

4,1:9 

1897 . 

48,248 

7,099 

I lyoo . 

27,057 

12,889 

16,892 

7898 ^ 

52,700 

4,81^8 

1907 

20,233 

1899 . 

64.692 

4.630 

>.)o8 . 

39.251 

22,389 

1900 . 

55.415 

4.350 

1909 . 

28,434 

34.817 

igoi 

59.488 

4.613 

igto 

18,150 

40,738 

52,270 

1902 

24,266 

5.152 

1911 

109,700 


As pointed out by Russig {Chem. Zett., 1907, p- 18) these 
data are incomplete, the importation of coal-taj- pitch having 
been much more' considerable than the official figures 
given above. Up to 1905 co;l-tar pitch ,had been thrown, 
together jvith other kinds of ■merchandise*. * 

The .strong decline in the importation since 1901 was caused 
by the development^of the recovery otfar in the manufacture of 
coke (p. 94), and this has led to the consequence thst Germany 
now produces practically all the pitcheshe requires. 







